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T CELL EPITOPES OF RYEGRASS POLLEN ALLERGEN 

Background of the Inventioii! 

Allergens constitate the most abundant proteins of grass pollen, which is the major 
cause of allergic disease in temperate climates (Marsh (1975) Allergens and the genetics 
of allergy; in M Sela (ed), The Antigens, Vol. 3, pp 271-359. Academic Press Inc., 
London, New York).. Hill §t ai- (1979) Medical Journal of Australia, 1:426-429). The 
first descriptions of the allergenic proteins in ryegrass showed that they are 
immunochemically distinct, and are known as groups I, II, III and IV (Johnson and Marsh 
(1965) Nature, 206:935-942; and Johnson and Marsh (1966) Immunochemistry, 3:91-100). 
Using die International Union of Immunological Societies' (lUIS) nomenclature, these 
allergens are d^ignatedl^/p I, Lo/pn.LaZp HI and Z/i//? IV. In addition, anotfier 
inq>ortant Lolium perenne L allergen that has been identified in the literature is Lol p IX 
which is also known asLolpY or Lolplb (Singh et al. (1991) Proc, Natl Acad Set, USA, 
88:1384-1388). 

These five proteins have been idratified in pollen ryegrass, Loliim perenne L., and 
act as antigens in triggering immediate (Jypc 1) hypersensitivity in susceptible humans. 

Lol p Vis defined as an allergen because of its ability to bind to specific IgE in 
sera of lyegrass-sensitive patients, to act as an antigen in IgG responses and to trigger T- 
cell responses. The allergenic properties have been demonstrated by immunoblotting 
studies showing 80% of ryegrass pollen sensitive patients possessed specific IgE antibody 
that bound to Lol pV isoforms (PCT application publication number WO 93/04174, page 
65). These results indicate that Lo//? Vis a major ryegrass allergra. 

Substantial allergenic cross-reactivity between grass pollens has been 
demonstrated usmg an IgE-bindmg assay, the radioallergo-soifoent test (RAST), for 
example, as described by Marsh ^al. (1970) J. Allergy. 46, 107-121, and Lowenstein 
(1978) Prog. Allergy, 25, 1-62, (Karger, Basel). 

The immunochemical relationship of Lol p V with other grass poUen antigens have 
been demonstrated using troth polyclonal and monoclonal antibodies (Zhang et aL, InL 
Arch Allergy ApplImmunoU 96:28-34 (1991); Rob^ et al., Int Arch Allergy Appl 
Immunol, 98:178-180 (1992); Mattiieisen and Lowenstein, Clinical and Experimental 
Allergy, 21:309-320 (1991); and van Ree et al., /. AUergy Clin. Immunol 83:144-151 
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(1989)). Antibodies have been prepared to purified proteins that bind IgE components. 
These data demonstrate that a major allergen is present in pollen of closely related grasses 
is immunochemically similar to lo//? V and are generally characterized as Group V 
allergens. 

In view of the prevalence of ryegrass pollen allergens and related grass 
allCTgens all over the world, there is a pressing need for die development of 
compositions and methods that could be used in detecting smsitivities to Lolp V or 
other immunologically related grass allergens, or in Healing sensitivities to such 
all^gens, or in assisting in the manufacture of medicaments to treat such 
sensitivities. The present invention provides materials and methods having one or 
more of those utilities. 

Summary of the Invention 

The present invention provides isolated peptides of Lol p V. Peptides within 
the scope of the invention coizq)rise at least one T cell epitope, preferably at least 
two T cell epitopes of Lol p V. The invention furth^ provides peptides comprising 
at least two regions, each region comprising at least one T cell epitope of Lol p V. 

The invention also provides modified peptides having similar or rahanced 
therapeutic properties as the corresponding, naturally-occuning allergen or portion 
thereof, but having reduced side effects, as well as modified peptides having 
inq>rov6d properties such as increased solubility and stability. Therapeutic peptides 
of the invention are capable of modifying, in a Lolp V-sensitive individual to 
whom they are administered, the allergic response of the individual to La/ p V or an 
allergra immunolo^cally cross-reactive LolpY e.g. aUergens derived fiom pollen 
belonging to the Poacea (Graminae) family such as Dactylis glomerata^ Doc g V. 

Methods of treatment or of diagnosis of srasitivity to ryegrass pollen 
protein, Lol pW in m individual or to pollen proteins that are immunologically 
related to Lol p Y such as Dac g V, and then^utic compositions corrq)rising one 
or more peptides of the invention are also provided. 

The present invention also provides nucleic and amino add sequences of Dac g V 
protein allergen which is immunologically cross-reative with Lol p V. 

Further features of the present invention wiQ be better understood fix)m the 
following detailed description of the preferred embodiments of die invention in 
conjunction with the appended figures. 
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Brief Description of the Figures 

Rg. 1 shows the nucleotide sequence of cDNA clone 12R (SEQ ID NO:l) and its 
predicted amino acid sequence (SEQ ID N0:2). Qone 12R is a ftU-lengdi clone of Lol p 
V derived firom a Xgdl library (see PCX application publication number WC)93/04174), 
5 Hg. 2 shows peptides of the invention of various lengths derived firom Lol p V 

(SEQIDNO:3-29), 

Rg. 3 shows peptides of various lengths derived firom Lol pi (SEQ ID NO:30-53). 

Rg. 4 is a graphic representation depicting the response of T cell lines from 19 
patients primed in vitro with affinity purified Lol p V and analyzed for response to Lol p V 
10 peptides (derived fix)m ib&LolpV protein allergen) by percent of responses with a mean 
S.L of at least 2 (indicated above each bar), the numbers enclosed in the parenthesis 
denote percentile of patients responding to the particular peptide, and the bar represents 
the positivity index for each peptide (% of patients responding multiplied by the mean 
S.L). 

IS Rg. 5 is a gr^hic representation derived from the same data shown in Rg. 4 

showing the ranked sum for each peptide, the bar represents the cumulative rank of the 
peptide response in the group of 19 patients tested, above each bar in parenthesis is the 
percent of patients positively responding to each peptide, flie S J. is also indicated above 
each bar. 

20 Rg. 6 is a graphic representation of the results of a direct ELIS A, tiie source of IgE 

was a sample of pooled human plasma (PHP) designated PHP-A, and wh^in the antigen 

is either soluble pollen extract (SPE) of ryegrass pollen, or bacterially expressed 

recombinant Lol p V (rLolpV). 

Rg. 7 is a graphic representation of the results of a direct ELISA, the source of ?gE 
25 was a sample of pooled human plasma (PHP) designated PHP-B and wherein the antigen 

is either soluble pollen extract (SPE) of ryegrass pollen, tLoI pV. 

Rg. 8 is a graphic representation of the results of a dkect ELISA, the source of IgE 

was plasma firom 4 individual patients, #1 118, #1 120, #1 125, #1 141, and wherein the 

antigen is ryegrass pollen SPE. 
30 Rg. 9 is a graphic representation of the results of a dkect ELISA the source of IgE 

was plasma from 4 individual patients, #1118, #1 120, #1 125, #1 141 , and wh^in the - 

antigen is xLol p V. 

Rg. 10 is a gr^hic representation of the results of a conq)etition ELISA, the 
source of IgE was a sample of pooled human plasma designated PHP-A, IgE binding was 
35 measured in the presence of ryegrass pollen SPE, afiGnity purified native Lol p V or vLolp 
V. 
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Rg. 1 1 is a graphic representation of the results of a competition ELIS A, the 
source of IgB was plasma bom individual patient #706 as a source of IgE, IgE bmding 
was measured in the presrace of ryegrass pollen SPE, afiBnity purified Lol p V or rLol p 
V. 

Rg. 12 is a gr^hic represmtation of a histamine release assay to ryegrass pollen 
SPEandrt^//?V. 

Rg. 13a and Rg. 13b each show a g^hic representation of a direct ELISA using a 
sanq>le of pooled human plasma designated PHP-B as a source of IgE, and wherein the 
antigen was either a selected peptide derived from Lol p V or tLol p V. 

Rg. 14 is a graphic representation of a competition ELISA using a ssanple of 
pooled human plasma designated PHP-B as a source of IgE, and wh^in the antigens 
were a mixture of afBnity purified Lol pi and LolpV otz mixture of recombinant Lol pi 
(rLolp J) ortLolpV to compete for IgJE binding to ryegrass pollen SPE. 

Rg. 15 is a photograph of a Coomassie blue stamed SDS-PAGE (12.5%) analysis 
of an AblB9-a£Eiiiity purified native Lol p V, the sanq)le was run under reducing 
conditions, the molecular weight standards are shown on the left 

Fig. 16 shows the nucleotide sequence of clone 259 of D^zc g V, and its predicted 
amino acid sequence, the nucleotide sequence of nucleotides 1 to 699 has been confirmed, 
and the nucleotide sequence of nucleotides 700 to 1181 are unconfirmed. 

Detailed Description of the Invention 

The present invention provides isolated peptides derived from Lol p V. The 
present invention also provides Dac g V protein allergen which is immunologically cross- 
reactive with Lolp V. As used herem, a "peptide" ref^s to any protein firagment of Lolp 
V that induces an immune response. The terms "firagment and "antigenic fiagment" as 
used herein refer to an amino add sequence having fewer amino acid residues than the 
entire amino add sequence of tfie protein firom which the firagment is derived, and that 
induces an immune response. The terms "isolated" and "purifited" as used herein refer to 
peptides of the invention which are substantially finee of cellular material or culture 
medium when produced by recombinant DNA techniques, or substantially fiee of 
chemical precursors or other chemicals when synAesized chemically. As used herein, the 
term "peptide" of the invention include peptides derived fiom LolpV which corrq)rise at 
least one T cell epitope of the allergm or a portion of such peptide which comprises at 
least one T cell epitope. 
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Peptides comprising at least two regions, each region conq)rising at least one T 
cell epitope of Lol p V are also within the scope of the invention. Isolated peptides or 
regions of isolated peptides, each comprising at least two T cell epitopes of Lol pV 
protein alleigen are particularly desirable for increased ther^ntic effectivmess. 
5 Peptides which are immunologically related (e.g., by antibody or T cell cross-ieactivity) 
to peptides of the present invention, such as peptides fromDac g V, are also within the 
scope of the invration. P^tides immunologically related by antibody cross-reactivity, 
are bound by antibodies specific for a peptide of Lol p V. Peptides immunologically 
related by T cell ooss-reactivity are capable of reacting with the same T cells as apeptide 
10 of the invention. 

Isolated pq)tides of the invration can be produced by recombinant DNA 
techniques in a host cell transformed with a nucleic acid having a sequence encoding such 
peptide. The isolated peptides of the invention can also be produced by chemical 
synthesis. When a peptide is produced by recombinant techniques, host cells transformed 
15 with a nucleic add having a sequence encoding a peptide of the invention or the functional 
equivalent of the nucleic add sequrace are cultured in a medium suitable for the cells and 
peptides can be purified fiom cell culture medium, host cells, or both using techniques 
known in the art for purifying peptides and proteins including ion-exchange 
chromatography, gel filtration chromatography, ultrafiltration, electrophoresis or 
20 immunopurification with antibodies specific for the peptide, the protem allergra ftom 
which the peptide is derived, or a portion thereof. 

The present invention provides expression vectors and host cells transformed to 
express the nucleic add sequences of the invration. Nucleic acid coding for a Lolp V 
peptide of the invention or at least one firagment thereof may be expressed in bacterial 
25 cells such as £. colU insect cells, yeast, or mammalian ceUs such as Chinese hamster ovary 
cells (CHO). Suitable expression vectors, promoters, enhancers, and other expression 
control elements may be found m Sambrook et al. Molecular Cloning: A Laboratory 
Manual, second edition. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New 
York, 1989. Other suitable expression vectors, promote, enhancers, and other expression 
30 elements are known to tfiose skilled in the art. Suitable vectors for expression in yeast 
include YepSecl (Baldari et aL (1987) Embo J. 6: 229-234); pMFa (Kurjan and 
Herskowitz (1982) Cell 30: 933-943); JRY88 (Schultz et al. (1987) Gene 54: 113-123) 
and pYES2 (Invitrogen Corporation, San Diego, CA). These vectors arc finely available. 
Baculovirus and mammalian e^qiression systemis arc also available. For example, a 
35 baculovfaus system is commerdally available (PharMingen, San Diego, CA) for 
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expression in insect cells while the pMSG vector is commercially available (Phaimada, 
Piscataway, NJ) for expression in mamnialian cells. 

For expression in K coli, suitable expression vectors include, among others, pTRC 
(Amann et al. (1988) Gene 69: 301-315); pGEX (Amrad Corp., Melbourne, Australia); 
pMAL (N^. Biolabs, Beverly, MA); pRTTS (Pharmacia, Piscataway, NJ); pET-1 Id 
(Novagen, Madison, WI) Jamed et al., (1990) J. Virol 64:3963-3966; and pSEM (Kn^p 
et aL (1990) BioTechmques 8: 280-281), The use of pTRC, and pET-lld, for example, 
will lead to the expression of unfused protein. Hie use of pMAL, pRTTS pSEM and pGEX 
will lead to the expression of allergen fused to maltose E binding protem (pMAL), protein 
A (pRTTS), truncated B-galactosidasc (PSEM), or glutathione S-transferase (pGEX). 
When SiLolpW peptide of the invention is expressed as a fusion protein, it is particularly 
advantageous to introduce an enzymatic cleavage site at the fusion junction between the 
carrier protem and I^/pV peptide. The I^/pV peptide may thm be recovered fiom the 
fusion protein throng enzymatic cleavage at the enzymatic site and biochemical 
purification using convmtional techniques for purification of proteins and peptides. 
Suitable enzymatic cleavage sites include those for blood clotting Factor Xa or thrombin 
for which the ^ropriate enzymes and protocols for cleavage are commercially available 
fiom, for example. Sigma Chemical Company, St Louis, MO and N£. Biolabs, Beverly, 
MA The difGerent vectors also have differrait promoter regions allowing constitutive or 
inducible expression with, for example, IPTG mduction (PRTC, Amann et al., (1988) 
supra; pET-1 Id, Novagen. Madison, WI) or temp&Btmc induction (pRITS, Pharmacia, 
Piscataway, NJ) . It may also be appropriate to express recombinant LolpW peptides in 
diffident K coli hosts fliat have an altered capacity to degrade recombinantiy expressed 
proteins (e.g. U.S. patent 4,758,512). Alternatively, it may be advantageous to alter tiie 
nucleic acid sequence to use codons preferentially utilized by E. coU, where such nucleic 
add alteration would not affect the amino add sequence of the expressed protein. 

Host cells can be transformed to express tfie nucleic add sequences of the 
invention using conventional techniques sudi as calcium phosphate or caldum ddoride 
co-predpitation, DEAE-dextran-mediated transfection, or dectroporation. Suitable 
metiiods for transforming the host cells may be found in Sambrook et aL supra, and oflier 
laboratoiy textbooks. The nucldc add sequences of the invention m^ also be chemically 
synthesized using standard techniques (i.e. solid phase synthesis). Details of the isolation 
and cloning of clone 12R encoding LolpV (described asLolp JbA) are given in PCT 
application Publication Number WO 93/04174 incorporated herein by reference in its 
entirety. 
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Inducible non-fusion expression vectors include pTrc (Amann et oL, (1988) Gene, 
69:301-315) and pETlld (Studier etaL, Gene Expression Technology: Methods in 
Enzymology^ Academic Press, San Diego, Califoniia (1990), 185:60-89). While target 
gene expression relies on host RNA polymerase transcription from the hybrid trp-lac 
5 fusion promote in pTrc, expression of target genes inserted into pETl Id relies on 

transcription from the T7 gnlO-lac 0 fusion promoter mediated by coexpressed viral RNA 
polymerase (17 gnl). This viral polymerase is supplied by host strains BL21(DE3) or 
HMS174(DE3) from a resident X prophage harboring a T7 gnl under the transcriptional 
control of the lacUV 5 {nomoter. 

10 One strategy to maximize recombinant Lol p V peptide expression in £ colihto 

express the protein in a host bacteria with an inq)aired capacity to proteolytically cleave 
the recombinant protein (Crottesman, S., Gene Expression Technology: Methods in 
Enzymology, Academic Press, San Diego, California (1990), 185:119-128). Another 
strategy would be to alter the nucleic add sequence of the desired gene to be inserted into 

15 an expression vector so that the individual codons for each amino acid would be those 
prefimntially utilized in highly expressed K coli proteins (Wada et al (1992) Nuc. Acids 
Res^ 20:2111-2118). Such alteration of nucleic add sequences of the invention could be 
carried out by standard DNA synthesis tediniques. 

The nucleic adds of the invention can also be chemically synthesized using 

20 standard techniques. Various methods of chemically sjmthesizing polydeoxynucleotides 
are known, including solid-phase synthesis which, like peptide synthesis, has been fully 
automated in commerdaUy available DNA synthesizers (See e.g., Bakura et aL U.S. 
Patent 4,598,049; Canitha^ et al. U.S. Patent 4,458,066; and Itakura U.S. Fatbits 
4,401,796 and 4,373,071, incorporated by refoience hmin). 

25 The present invention also provides nuddc add sequences encoding peptides of 

the invention. Nucldc add sequmces used in any embodiment of this invention can be 
cDNAs encoding corresponding peptide sequences as shown in Rg. 2 (SEQ ID NO:3-29). 
Such oligodeoxynucleotide sequences can be produced chemically or mechanically, using 
known tedmiques. A functional equivalrat of an oligonucleotide sequence is one which is 

30 1) a sequence capable of hybridizing to a complementary oligonucleotide to which the 
sequence (or corresponding sequence portions) of Lol p V as shown in Kg. 1 or fragments 
thereof hybridizes, or 2) the sequCTce (the corresponding sequence portions 
complCTientary to the nucleic acid sequences encoding the peptide sequrace derived from 
Lol p V as shown in Fig. 2 and/or 3) a sequence which encodes a product (e.g., a 

35 polypeptide or peptide) having the same functional characteristics of the product encoded 
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by the sequence (or corresponding sequence portion) of Lolp Was shown in Hg. 1. 
Whether a functional equivalent must meet one or more criteria will depend on its use 
(e.g., if it is to be used only as an oligoprobe, it need meet only the first or second criteria 
and if it is to be used to produce a^LolpV peptide of the invention, it need only meet the 
third criterion). The nucleic acid sequences of the invention also include RNA which can 
be transcribed from the DNA prepared as described above. 

Preferred nucleic acids encode a peptide having at least about 50% homology to a 
LolpY peptide of the invmtion, more preferably at least about 60% homology and most 
preferably at least about 70% homology with a LolpY peptide of the invention. Nucleic 
adds that encode peptides having at least about 90%, more preferably at leaslt about 95%, 
and most prefraably at least about 98-99% homology wifli LolpY peptides of the 
invention are also within the scope of the iuvration. Homology refers to sequence 
similarity between two peptides of Lol p V, or between two nucleic add molecules. 
Homology can be determined by comparing a position in each sequence whidi may be 
aligned for purposes of comparison. When a position in the conqiared sequence is 
occupied by the same nucleotide or amino acid, then molecules are homologous at that 
position. A degree of homology between sequences is a function of the number of 
matching or homologous positions shared by the sequences. 

Preferred nucleic acid fi:agments encode peptides of at least 7 amino add residues 
in Imgfhj and prefraably 13-40 amino acid residues in length, and more preferably at least 
16-30 amino adds residues in Iragth, Nucleic add fragassnts encoding peptides of at least 
30 amino acid residues in Imgth, at least 40 amino acid residues in length, at least about 
80 amino acid residues in Imgth, at least about 100 amino acid residues in length or more, 
are also contemplated. 

Also within the scope of the invention ace nucleic acid sequences encoding 
allergras immunologically cross-reactive with Lol p V, such as fiiU length Doc g V protein 
or pq)tides (Fig. 16). Proteins and peptides of Dac g V may be produced recombfaianfly 
as discussed above, or synthetically. Expression vectors and host cells transformed to 
express Dac g V protein or peptides thereof are also within the scope of the invention. 
Details of the cloning of Dac g V are given in the examples. 

The present invention also provides a method of producing isolated Lolp V 
peptides of the invention or a portion thereof comprising the steps of culturing a host cell 
transformed with a nucldc add sequmce encoding a LolpY peptide of the invention in 
an i^ropriate medium to produce a mixture of cells and medium containing said LolpY 
peptide; and purifying the mixture to produce substantially pure LolpY peptide. Host 
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cells transformed with an expression vector containing DNA coding for a Lolp V peptide 
of the invention or a portion thoeof are cultured in a suitable medium for the host cell. 
LolpW peptides of the invention can be purified fiom cell culture medium, host cells» or 
both using techniques known in the ait for purifying peptides and proteins including ion- 
exchange chromatography, gel filtration chromatography, ultrafiltration, electrophoresis 
and immunopuiification with antibodies specific for the Lol p V peptides or portions 
thereof of the invention. 

AnothCT aspect of the present invention pertains to an antibody specifically 
reactive with a L^//7Vpq)tide. Such antibodies may be used to standardize allergen 
extracts or to isolate the naturally occurring Lol p V. Also, Lol p V peptides of the 
invention can be used as '^purified" allergens to standardize allergen extracts. For 
example, an animal sudi as a mouse or rabbit can be inununized with an inmiunogenic 
form of an isolated Lol p V peptide of the invention capable of eliciting an antibody 
response. Techniques for conferring immunogenicity on a pepdde include conjugation to 
carriers or other techniques well-known in the art TheLo/p Vpqptidealsocanbe 
ad m i nis tered in the presence of adjuvant. The progress of inununization can be monitored 
by detection of antibody titers in plasma or serum standard ELIS A or other inununoassay 
can be used with the immunogen as antigen to assess the levels of antibodies. 

Fbllowing immunization, anti-Lo/ p V peptide antisera can be obtained and, if 
desired, polyclonal Bnti-Lol p V peptide antibodies fix>m the seruiiL To produce 
monoclonal antibodies, antibody producing cells (lynQ>hocytes) can be harvested from an 
inmiunized animal and fused by standard somatic cell fiision procedures with 
immortaliziag cells such as myeloma cells to yield hybridoma cells. Hybridoma cells can 
be screened inununochemically for production of antibodies reactive with the Lolp V 
peptides of the invention. These sera or monoclonal antibodies can be used to standardize 
allien extracts. 

Through use of the peptides and antibodies of the present invoition, preparations 
of consistrait, well-defined conqiosition and biological activity can be made and 
administeied for thersqyeutic purposes (e.g. to modify the allergic response of a ryegrass 
pollen sensitive individual to pollen of such grasses or pollen of an immunologically 
related grass such as Doc g V). Administration of such pq)tides may, for example, modify 
B-cell response toLolpV allergen, T-cell response to Lol pY allergen or both responses. 
Isolated peptides can also be used to study the mechanism of iirmiunotherapy of ryegrass 
pollen aUergy and to design modified derivatives or analogues useful in iixununotheiapy. 
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The present invOTtion also pertains to T cell clones which specifically recognize 
LolpW peptides of the invmtion. These T cdl clones may be suitable for isolation and 
molecular cloning of the gene for the T cell receptor which is specifically leactive with a 
peptide of the present invention. The T ceU clones may be produced as d^cribed in 
Cellular and Molecular Imnttmology, Abdul K. Abbas et aL, WB. Saunders Co. (1991) 
pg. 139. The present invention also pertains to soluble T cell receptors. These receptors 
may inhibit antigen-dependmt activation of the relevant T cell subpopulation within an 
individual sensitive to Lol p V. Antibodies specifically reactive with such a T cell 
receptor can also be produced according to the techniques described herein. Such 
antibodies may also be useful to block T-cell -MHC interaction in an individual. Mediods 
for producing soluble T cell receptors are described in Immunology; A Synthesis, 2nd Ed., 
Edward S. Golub et al., Sinaur Assoc, Sunderland Massachusetts, (1991) pp, 366-369. 

To obtain isolated peptides of the present invention, Lol V is divided into non- 
ov^lapping peptides of desired length or overlapping peptides of desired Imgths as 
discussed in Example 2 which can be produced recombinantly, synthetically, or in certain 
situations, by chemical cleavage of the allergra. Pq>tides comprising at least one T cell 
epitope are capable of eliciting a T cell response, such as stimulation ^.e. proliferation or 
lymphokine secretion) and/or are capable of inducing T cell non-responsiveness. To 
detmnine peptides comprising at least one T cell epitope, isolated peptides are tested by, 
for exan[q)le, T cell biology techniques, to determine whether the peptides elicit a T cell 
response or induce T cell non-responsiveness. Those peptides found to elicit a T cell 
response or induce T cell non-responsiveness are defined as having T cell stimulating 
activity. 

Screening pq>tides of the invention for human T cell stimulating adtivity can be 
accomplished using one or more of several different assays. For example, in vitro, T cell 
stimulatory activity is assayed by contacting a peptide of the invention with an antigen 
presenting cell which presents appropriate MHC noolecules in a T cell culture. 
PresCTtation of a peptide of the invention in association with ^propriate MHC molecules 
to T cells, in conjunction with the necessary costimulation has the effect of transmitting a 
signal to die T cell that induces the production of increased levels of cytokines, 
particularly of int^eukin-2 and interleukin-4. The culture supernatant can be obtained 
and assayed for inta:leukin-2 or othw known cytokines. For example, any one of several 
conventional assays for int^leukin-2 can be employed, such as the assay described in 
Proc. Natl, Acad Sci USA, 86:1333 (1989) the patinent portions of which are 
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incoipoiated herein by lefi^ience. A kit for an assay for the production of interferon is 
also available finom Genzyme Corporation (Cambridge, MA). 

A common assay for T cell prolifination entails measuriiag tritiated thymidine 
incorporation. The proliferation of T cells can be measured in vitro by determining the 
5 amount of ^H-labeled thymidine incozporated into the replicating DNA of cultured cells. 
Therefore, the rate of DNA synthesis and, in turn, the rate of ceU division can be 
quantified. 

A peptide may also be screened for the abili^ to reduce T cell responsiveness. 
The ability of a peptide known to stimulate T cells, to inhibit or conq}letely blodc the 

1 0 activity of a purified native LolpW protein allergen or portion thereof and induce a state 
of T cell nonresponsivraess or reduced T cell responsiveness, can be determined using 
subsequent attempts at stimulation of the T cells with antigen presenting cells that preset 
anativeLo//7V allergen following exposure to a peptide of the invention. IftheTcells 
are unresponsive to the subsequent activation attfflipts, as detomined by interIeukin-2 

IS synthesis and T cell proliferation, a state of nonresponsiveness has been induced. See, 
e.g., Gunmi, et al. (1993) Proc. NatL Acad. Sd USA, 90:6586-6590; and Schwartz (1990) 
Science, 248:1349-1356, for assay systems that can be used as the basis for an assay in 
accordance with the present invention. 

Additionally, peptides comprising "cryptic epitopes" may be determined and are 

20 also within the scope of this inventtoiL Cryptic epitopes are those determinants in a 

protdn antigen which, due to proc^sing and presentation of the native protein antigen to 
the £q»propriate MHC molecule, are not normally rovealed to the immune system. 
However, a peptide comprising a oyptic epitope is capable of causing T cells to become 
non-responsive, and when a subject is primed with the peptide, T cells obtained fiom the 

25 subject will proliferate in vitro in response to the peptide or the protein antigen from 
which the peptide is derived. Peptides which conqirise at least one cryptic epitope 
derived from a protein antigen arc rcferred to herein as "cryptic p^tides". To confirm 
the presence of oyptic epitopes in the above-described T cell proliferation assay, antigen- 
primed T cells are cultured in vitro in the presence of eadi peptide separately to establish 

30 peptide-reactive T cell lines. A peptide is considered to comprise at least one cryptic 
epitope if a T cell line can be established with a given peptide and T cells arc enable of 
proliferation upon challenge witii the peptide and the protein antigm from which the 
peptide is derived. 

It is also possible to modify the structure of a peptide of the invention for such 
35 purposes as increasing solubility, enhancing tfaenq>eutic or preventive efScacy, or stability 
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(e.g„ shelf life ex vivo, and resistance to proteolytic degradation in vivo). A modified 
peptide can be produced in which the amino add sequence has been altered, such as by 
amino add substitution, deletion, or addition, to modify imrounogenicity and/or reduce 
aliergenidty, or to whidi a component has been added for the same purpose. 

For exanqile, a peptide can be modified so that it maintains the ability to induce T 
cell aneigy and bind MHC proteins without the abiUty to induce a strong proliferative 
response or possibly, any proliferative response when administered in immunogenic form. 
In this instance, critical binding residues for the T cell receptor can be determined using 
known techniques (e.g., substitution of each residue and determination of the prcseace or 
absence of T cell reactivity). Those residues shown to be essential to intei^ with the T 
cell receptor can be modified by replacing the essential amino acid widi another:, 
preferably similar amino add residue (a conservative substitution) whose presence is 
shown to enhance, dimmish but not eliminate, or not affect T cell reactivity. In addition, 
those amino add residues which are not essential for T cell receptor interaction can be 
modified by being replaced by another amino add whose incorporation may enhance, 
diminish or not affect T cell reactivity but does not eliminate binding to relevant MHC. 

Additionally, peptides of the invention can be modified by replacing an amino add 
shown to be essential to interact with the MHC protein complex with another, preferably 
similar amino add residue (conservative substitution) whose presence is shown to 
enhance, diminish but not eliminate, or not affect T cell activity. In addition, amino add 
residues which are not essential for interaction with the MHC protein con5)lex but which 
still bind the MHC protein complex can be modified by being replaced by another amino 
add whose incorporation may enhance, not affect, or diminish but not eliminate T cell 
reactivity. Prefiored amino add substitutions for non-essential amino adds include, but 
are not limited to substitutions with alanine, glutamic acid, or a methyl ammo add. 

hi order to enhance stability and/or reactivity, peptides of the invention can also 
be modified to incorporate one or more polymorphisms in the amino add sequence of the 
protein allergen resulting fix)m natural allelic variation. Additionally, D-amino adds, non- 
natural amino adds or non-amino add analogues can be substituted or added to produce a 
modified peptide within the scope of this invention. Furthermore, peptides of die present 
invention can be modified using die polyethylene glycol (PEG) mefliod of A. Sehon and 
co-workers (Wie et al. supra) to produce a protein or peptide conjugated with PEG. In 
addition, PEG can be added during chemical synthesis of a protein or peptide of the 
invention. Modifications of peptides or portions thereof can also include reduction/ 
alkylation (Tarr m: Methods of Protein Microcharacterization, J.E. Silver ed. Humana 
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Prcss, Clifton, NJ, pp 155-194 (1986)); acylation (Tarr, supra); chemical coupling to an 
appropriate carrier (Mishell and Shiigi. eds.. Selected Methods in Cellular Immunology, 
WH Freeman, San Francisco, CA (1980); U,S, Patent 4,939,239; or mild formalin 
treatment (Marsh, International Archives of Allergy and Applied Immunology, 41:199-215 
(1971)), 

To facilitate purification and potentially inctease solubility of peptides of the 
invCTtion, it is possible to add reporter group(s) to the peptide backbone. For example, 
poly-histidine can be added to a peptide to purify the peptide on immobilized metal ion 
afiBnity chromatography (Hochuli, E. et al., Bio/Technology, 6:1321-1325 (1988)). In 
addition, specific radoprotease cleavage sites can be introduced, if desired, between a 
reporter group and amino acid sequences of a peptide to facilitate isolation of peptides fiee 
of irrelevant sequences. In order to successfully desensitize an individual to a protein 
antigen, it may be necessary to increase the solubility of a peptide by adding functional 
groiq>s to the peptide or by not including hydrophobic T cell epitopes or regions 
containing hydrophobic q)itopes in the peptides or hydrophobic regions of the protein or 
peptide. Functional groups such as charged amino acid pairs (e.g„ KK or RR) are 
particularly usefid for increasing the solubility of a peptide when added to the amino or 
carboxy terminus of the peptide. 

To potentially aid proper antigen processmg of T cell epitopes within a peptide, 
canonical protease sensitive sites can be recombinantly or synthetically »gineered 
between regions, each conqmsing at least one T cell epitope. For example, charged amino 
add pairs, such as KK or RR, can be introduced between regions within a peptide during 
recombinant construction of the peptide. The resulting peptide can be rendered sensitive 
to catfaepsin and/or other trypsin-like en^mes cleavage to genoate portions of the peptide 
containing one or more T cell epitopes. In addition, as discussed above, such charged 
amino add residues can be added to the amino or carboxy terminus of the peptide and can 
result in an increase in solubility of a peptide. 

Site-directed mutagenesis of DNA encoding a peptide of die invention can be used 
to modify the structure of the peptide by methods known in the art Such methods may, 
among others, include PGR with oligonucleotides containing the sequences ^coding the 
desired amino adds (Ho et al.. Gene, 77:51-59 (1989)) or total synthesis of mutated genes 
(Hostomsky, Z. ^ aL, Biochem. Biophys, Res. Comm., 161:1056-1063 (1989)), To 
enhance bacterial expression, the aforementioned methods can be used in conjunction with 
other procedures to change the eukaryotic codons in DNA constructs encoding protein or 
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peptides of the invration to ones preferentially used in E. coti, yeast, manunalian cells, or 
other eukaryotic cells. 

Peptides or antibodies of the present invention can also be used for d^ecting and 
diagnosing ryegrass pollinosis. For example, this could be done in vitro by combining 
blood or blood products obtained from an individual to be assessed for sensitivity to 
lyegrass pollen or another cross reactive pollen such as Doc g V, with isolated peptides of 
Lol p V, under conditions appropriate for binding of conq>onents in the blood (e.g., 
antibodies, Tcells, B cells) with the peptide(s) and deterauning the extent to which such 
binding occurs. Other diagnostic methods for allergic diseases in which the protein, 
peptides or antibodies of the present invention will be useful include radio- 
allCTgergosorbent test (RAST), paper radioimmunosoibent test (PRIST), enzyme linked 
immunosoibent assay (Q^ISA), radioimmunoassays (RIA), immuno-radiometric assays 
(IRMA), luminescence immunoassays (LIA), histamine release assays and IgE 
immimoblots. 

The presence in individuals of IgE specific for at least one protein allergen and the 
ability of T cells of the individuals to respond to T cell epitope(s) of the protein allergen 
can be determined by administering to the individuals an TwimftHigt^ Type 
Hypersensitivity test and a Delayed Type Hypersensitiity test The individuals are 
admmistered an Immediate Type Hypersensitivity test (see e.g., Immunology (1985) Roitt, 
LM., Brostoff, I, Male, D.IL (eds), C.V. Mosby Co., Gower Medical Publishing, London, 
NY, pp. 19.2-19.18; pp. 22.1-22.10) utiliang the protein allc^en or a portion thereof, or a 
modified form of the protein allergen or a portion thereof, each of which binds IgE 
specific for the all^ra. The same individuals are administered a Delayed T^pe 
Hypersensitivity test prior to, simultaneously with, or subsequmt to administration of the 
Immediate Type HypersensitiviQr test Of course, if die Immediate Type Hypersensitivity 
test is administered prior to the Delayed Type Hypersensitivity test, the Delayed Type 
Hypersensitivity test would be given to those individuals exhibiting a specific Immediate 
Type Hypersensitivity reaction. The Delayed Type Hypersensitivity test utilizes a 
modified form of the protein allergen or a portion thereof, the protein allergen produced 
recombinantly, or a peptide derived from the protein allergen, each of which has human T 
cell stimulating activity and each of which does not bind IgE specific for the allergen in a 
substantial percentage of the population of individuals sensitive to the allergen (e.g., at 
least about 75%). Those individuals found to have both a specific Immediate Type 
Hypersensitivi^ reaction and a specific Etelayed Type Hypersensitivity reaction may be 
treated with a therapeutic composition comprising the same modified form of the protein 
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or poition thereof, the lecombinantly produced proteiii allergen, or the peptide, each as 
used in the Delayed Type Hypersensitivity test. 

Isolated peptides of the invention when administered in a therapeutic regimen to a 
Lol p V-s^isitive individual, or an individual allergic to an allergen cross-reactive with Lol 
5 p V such as Doc g V, are capable of modifying the allergic response of die individual to 
Lol p V ryegrass pollen allergen or such cross-reactive allergen, and preferably are 
Citable of modifying the B-ceU response, T-cdl response or both the B-cell and the T-cell 
response of the individual to the allergen. As used hraiein, modification of the alleigic 
response of an individual sensitive to a ryegrass poUm allergen or cross-reactive allergen 

10 can be defined as non-responsiveness or diminution in synq)toms to the allergen, as 
determined by standard clinical procedures (See e.g. Vamey et al, British Medical 
Journal, 302265-269 (1990)) including diminution in ryegrass pollen induced asthmatic 
symptoms. As referred to herein, a diminution in synq>toms includes any reduction in the 
allergic response of an individual to the allergen after the individual has completed a 

IS treatment regimen with a peptide or protein of the Invention. This diminution may be 
subjective (Le. the patient feels more conifortable in the presence of the alleigra). 
Diminution in symptoms can be determined clinically as well, using standard skin tests as 
is known in the art 

Lol p V peptides of the present invention which have T cell stimulating activity, 

20 and thus conqirise at least one T cell epitope are particularly desirable for therapeutic 
purposes. In refening to an epitope, the epitope wiU be the basic ekment or srnallest unit 
of recognition by a receptor, particularly immunoglobulins, histoconq>atibility antigens 
and T cell receptors wh^e tiie epitope comprises amino adds essential to receptor 
recognition. Amino add sequences which mimic those of the epitopes and which are 

25 enable ofdown regulating or reducmgaU^gic response to Lo/pV can also be used. T 
cell epitopes are believed to be involved in initiation and perpetuation of the immune 
response to a protein allergen which is responsible for the clinical synqptoms of allergy. 
These T cell epitopes are thought to trigger eariy events at the level of flie T helper cell by 
binding to an appropriate HLA molecule on the surface of an antigen presenting cell and 

30 stimulating the relevant T cell subpopulation. These evCTts lead to T cell proliferation, 
lymphokine secr^on, local inflammatory reactions, recruitment of additional mounune 
cells to the site, and activation of the B cell cascade leading to production of antibodies. 
One isotype of these antibodies, IgE, is fundamentally important to the developmrat of 
allergic symptoms and its production is influenced eariy in the cascade of events, at the 

35 level of the T helper ceU, by the nature of the lynq)hokines secreted. 
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Exposure of lyegrass pollen patients to isolated LolpV peptides of the present 
invention which conqnise at least one T cell epitope and are derived from Lol p V protein 
allergen may cause appropriate T cell subpopulations to become nomesponsive or have a 
reduced response to the protein allergen and dius do not participate in stimulating an 
immune response upon such exposure. In addition, administration of a peptide of the 
invention or portion thereof whidi comprises at least one T cell epitope may modify the 
lympholdne secretion profile as compared with exposure to the naturally-occurring Lolp 
V protein allergen or portion thereof (e.g. result in a decrease of IL-4 and/or an increase in 
IL-2). Furthmnore, administration of such peptide of the invention may influence T cell 
subpopulations which normally participate in die response to the naturally occurring 
allergen such that these T cells are drawn away from the site(s) of normal exposure to the 
allergen (e.g., nasal mucosa, skin, and lung) towards the site(s) of therapeutic 
administration of the fragment or protein allergen. This redistribution of T cell 
subpopulations may ameliorate or reduce the ability of an individual's immune system to 
stimulate the usual immune response at the site of normal exposure to the allergen, 
resulting in a diminution in alla:gic syrqptoms. 

The isolated Lol p V peptides of the invention can be used in methods of 
diagnosing, treating and preventing allergic reactions to Lol p V allergen or a cross 
reactive protein allergen. Thus the present invention provides compositions useful in 
allergy diagnosis and/or useful in allergy then^y comprising isolated LolpV peptides or 
portions thereof. Such compositions will typically also comprise a pharmaceutically 
acceptable carrier or diluent when intended for in vivo administration. Therapeutic 
compositions of the invention may also comprise synthetically prepared Lol p V peptides 
and a pharmaceutically acceptable carrier or diluent 

Administration of the thoapeutic compositions of the present invention to an 
individual to be desensitized can be carried out using known techniques. Lolp V peptides 
or portions thereof may be administered to an individual in combination with, for exaiiq)le, 
an 2q)pn>priate diluent, a carrier and/or an adjuvant Pharmaceutically acceptable diluents 
include saline and aqueous buffi^ solutions. Pharmaceutically acceptable carriers include 
polyediylene glycol (Wie et al. (1981) Int Arch Allergy AppL Immunol 64:84-99) and 
liposomes (Strejan et al. (1984) /. NeuroimmmoU 7: 27). 

The therapeutic compositions of the invention are administered to ryegrass allergen 
sensitive individuals or individuals sensitive to an allergen which is immunologicaUy 
cross-reactive with house ryegrass allergen (i.e. Dactylis glomerata, or Sorghum 
halepensis, etc.). For the purposes of inducing T cell non responsiveness, tiier^eutic 



wo 95/06728 PCr/US94/09024 

-17- 

compositions of the invention are preferably administ^ed in non-immunogenic form, e.g. 
which does not contain adjuvant While not intending to be limited to any theory, it is 
believed that T cell non lesponsivraess or reduced T cell responsiveness is induced as a 
result of not providing an zppropnaie costimulatory signal sometimes referred to as a 
5 "second signal" Briefly, it is believed that stimulation of T cells requires two types of 
signals, the first is the recognition by the T cell via the T cell receptor of appropriate 
MHC-assodated processed antigens on antigen iH:esenting cells (APCs) and the second 
type of signal is referred to as a costimulatoiy signal(s) or "second signal" which may be 
provided by certain competent APCs. When a conqx>sition of the invention is 

10 administered without adjuvant, it is believed that competent APCs which are capable of 
producing the second signal or costimulatory signal are not engaged in the stimulation of 
appropriate T cells therefore resulting in T cell nonresponsiveness or reduced T cell 
responsiveness. In addition, there are a number of antibodies or other reagents capable of 
blocking the delivery of costimulatory signals such as the "second signal" whidi include, 

15 but are not limited to B7 (including B7-1. B7-2, and BB-1), CD28, CrLA4, CD40 CD40L 
CD54 and CDlla/18 (Jenkins and Johnson, Current Opinion in Immunology^ 5:361-367 
(1993), and Oaik and Ledbetter, Nature, 367:425-428 (1994)) Thus, a peptide of tiie 
invention may be administered in nonimmunogenic form as discussed above, in 
conjunction with a reagent capable of blocking costimulatory signals such that the level of 

20 T cell nonresponsiveness is rahanced. 

Administration of the therapeutic compositions of the present invention to an 
individual to be desensitized can be carried out using known procedures at dosages and for 
periods of time effective to reduce sensitivity (Le., reduce the allergic response) of the 
individual to the allergen. Effec^ve amounts of the tbenq)eutic compositions will vary 

25 according to factors sudi as tte degree of sensitivity of the individual to ryegrass pollm, 
the age, sex, and weight of the individual, and the ability of the protein or fixigment thereof 
to elicit an antigenic response in the individual. 

The active compound (i.e., protein or fragment thereof) may be administered in a 
convenient manner sudi as by injection (subcutaneous, intravenous, etc*)* oral 

30 administration, inhalation, traiisdermals^pUcation, or rectal administration. Depending on 
the route of administration, the active compound may be coated within a material to 
protect the compound from die action of enzymes, adds and other natural conditions 
which may inactivate the compound. 

For example, prefi^ly about 1 ^g- 3 mg and more preferably from about 20-750 

35 ^g of active compound (i.e., protein or fragment thereof) per dosage unit may be 
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administeied by injection. Dosage legimen may be adjusted to provide the optimum 
theff£q)eutic response. For example, several divided doses may be administered daily or tfie 
dose may be proportionally r^uced or increased as indicated by tte exigencies of the 
th^^^atic situation. 

To admmist^ a peptide by other than parent^aladniinistration, it may be 
necessary to coat the protein with, or co-administer the protein with, a material to prevent 
its inactivation. For example, peptide or portion thraeof maybeco-administexed with 
enzyme inhibitors or in liposomes. Enzyme inhibitors include pancreatic trypsin inhibitor, 
diisopropylfluorophosphate (pBP) and trasylol. Liposomes include water-in-oU-in-water 
CGF emulsions as well as conventional liposomes (Strejan et al, (1984) /. 
NeuroimnumoL, 7:27). 

The active conq>ound may also be administered parenterally or intraperitoneally. 
Dispersions can also be pr^ared in glycerol, liquid polyethyline glycols, and mixtures 
thereof and in oils. Under ordinary conditions of storage and use, these preparations may 
contain a preservative to prevent the growth of microorganisms. 

Pharmaceutical con^sitions suitable for injectable use include sterile aqueous 
solutions (where water soluble) or dispersions and sterile powders for the extemporaneous 
preparation of staile injectable solutions of dispersion. In all cases, tfie composition must 
be sterile and must be fluid to the extent that easy syringability exists. It must be stable 
luder the conditions of manufacture and storage and must be preserved against the 
contaminating action of microorganisms such as bacteria and fimgL The carrier can be a 
solvent or dispersion medium containing, for exanq>le, water, ethanol, polyol (for 
exan5)le, glyceral, propylene glycol, and liquid polyedieylene glycol, and the like), 
suitable mixtures thereof, and vegetable oils. The proper fluidity can be maintained, for 
exanQ>le, by the use of a coating such as ledtiiin, by the maintenance of the required 
particle size in the case of dispersion and by die use of surfactants. Prevention of the 
action of microorgaiusms can be achieved by various antibacterial and antifungal agents, 
for exanq>le, parabens, chlorobutanol, phenol, ascorbic acid, thirm^sal, and the like. In 
many cases, it will be preferable to include isotonic agrats, for example, sugars, 
polyalcohols such as manitol and sorbitol or sodium chloride in the composition. 
Prolonged absorption of the injectable compositions can be brought about, including in the 
conq>osition, an agent whidi delays absorption, for example, aluminum monostearate and 
gelatin. 

Sterile injectable solutions can be prepared by incorporating active coirqx>und (i.e., 
protein or peptide) in the required amount m an appropriate solvent with one or a 
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combinadon of ingxedimts enumeiated above, as lequiied, followed by filtered 
stmlization. Generally, disp^ions are prq>aied by incorporating the active compound 
into a stmle vdiicle which contains a basic dispersion medium and the required Gtbet 
ingredi«ts from those enumerated above. In the case of sterile powders for the 
5 preparation of sterile indec^le solutions, the preferred methods of preparation are 
vacuum drying and fireeze^Kirying which yields a powd^ of the active ingredirat Q.e., 
protein or peptide) plus any additional desired ingredient from a previously sterile-filtered 
solution thereof. 

Vfhen a peptide of the invention is suitably protected, as described above, the 
10 peptide may be orally administered, for example, with an inert diluent or an assimilable 
edible carrier. The peptide and other ingredients may also be enclosed in a hard or soft 
shell gelatin cs^sule, compressed into tablets, or incorporated direcdy into the individual's 
diet For oral ther^utic administration, the active confound may be incorporated with 
excipients and used in the form of ing^tible tablets, buccal tabl^, troches, capsules, 
15 elixirs, suspensions, syrups, wafers, and the like. Such compositions and preparations 
should contain at least 1% by weigjht of active compound The p^icentage of the 
conqK)sition and preparations may, of course, be varied and may conveniently be between 
about 5 to 80% oftfae weight of the unit The amount of active compound in such 
tfaer£q>eutically usefid compositions is such that a suitable dosage will be obtamed. 
20 Prefisned conq>ositions or preparations according to the present invention are prepared so 
that an oral dosage unit contains between fit>m about 10 [ig to about 200 mg of active 
corrq)ound. 

The tablets, troches, pills, o^sules and the like may also contain the following: a 
binder such as gum tragacanth, acacia, com starch or gelatin; excipients such as dicalcium 

25 phosphate; a disintegrating agent such as com starch, potato starch, alginic add and the 
like; a lubricant such as magnesium stearate; and a sweetening agent such as sucrose, 
lactose or saccharin or a flavoring agent such as peppermint, oil of wintergreen, or chary 
flavoring. When the dosage unit form is a capsule, it niay contain, in addition to nialerials 
oftfae abovetype, a liquid carrier. Various oth^ materials may be preset as coatings or 

30 to otherwise modify the physical form of the dosage unit For instance, tablets, pills, or 
cspsules may be coated witii shellac, sugar or both. A syrup or elixir may contain tiie 
active conq)Ound, sucrose as a sweetening agent, methyl and propylparabens as 
preservative, a dye and flavoring such as cherry or orange flavor. Of course, any material 
used in preparing any dosage unit form should be phannaceutically pure and substantially 
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non-toxic in tbe amounts employed In addition, the active contipound may be 
incorporated into sustained-release preparations and formulations. 

As used herein "pharmaceutically acceptable carrier" includes any and all solvents, 
dispersion media, coatings, antibact^ial and antifungal agents, isotonic and absorption 
delaying agents, and the like. The use of such media and agents for pharmaceutically 
active substances is well known in the art. Except insofar as any conventional media or 
agent is incompatible with the active compound, use thereof in the ther^utic 
compositions is contemplated. Supplementary active compounds can also be incoipoiated 
into Ae compositions. 

It is especially advantageous to formulate parent^ compositions in dosage unit 
form for ease of administration and uniformity of dosage. Dosage unit ftom as used 
herein refers to physically disofete units suited as unitary dosages for the fnaminali^ n 
subjects to be treated; each unit containing a predetennined quantity of active compound 
calculated to produce the desired dieiapeutic effect in association with the requited 
pharmaceutical carrier. The specification for the novel dosage unit forms of the m vention 
are dictated by and directly dependent on (a) the unique charactraistics of the active 
compound and the particular therapeutic effect to be achieved, and (b) the limitations 
inherent in the art of conq)ounding such an active conqraund for the treatment of 
sensitivity in individuals. 

Various isolated peptides of the invention dmved firom ryegrass poUra protein Lol 
pYsrc shown in Fig. 2 (SEQ ID NO:3-29). Peptides comprising at least two regions, 
each region comprising at least one T cell epitope of Lol p V are also withm the scope of 
the invention. As used hmhi a region may include the amino acid sequence of a peptide 
of the invention as shown in Fig. 2 or the amino acid sequence of a portion of such 
pq>tide. 

As discussed in Example 2, human T cell stimulating activity can be tested by 
culturing T cells obtamed from an individual sensitive to Lolp V allergen, (i.e., an 
individual who has an IgE mediated immune response to Lol pV allergen) with a peptide 
derived from the allergen and determining wheth^ prolif (ra^tion of T cells occurs in 
response to the peptide as measured, e.g., by cellular uptake of tritiated thymidme. 
Stimulation indices for responses by T cells to peptides can be calculated as the maYim^im 
CPM in response to a peptide divided by the control CPM A stimulation mdex (S.I.) 
equal to or greater than two times the background level is considered "positive". Positive 
results are used to calculate the mean stimulation index for eadi peptide for the group of 
patients tested. In Figs. 4 and 5 flie mean T cell stimulation index is indicated above the 
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bar. Prcfeired pq>tides of this invention conq)nse at least one T cell epitope and have a 
mean T cell stimulation index of greater tiian or equal to 2.0. A peptide having a mean T 
cdl stimulation index of greater than or equal to 2.0 in a significant numb^ of ryegrass 
pollen sensitive patients tested is considered useful as a therapeutic agent Preferred 
5 peptides have a mean T cell stimulation index of at least 2.5, more preferably at least 3.0, 
more prefi^ly at least 3,5, more preferably at least 4.0, more preferably at least 5.0 and 
most preferably at least about 6. For example, pq)tides of the invention having a mean T 
cell stimulation index of at least 5, as indicated by data shown in Figs 4 and 5, include 
peptides LPIX-4 (SEQ ID NO:6), LPlX-5 (SEQ ID NO:7), LPIX-8 (SEQ ID NO:10), 
10 LPIX-17 (SEQ ID NO:19) and LPK-19 (SEQ ID N0:21). 

In addition, preferred peptides have a positivity index (P J.) of at least about 60, 
more preferably about 100, more preferably at least about 200 and most preferably at least 
about 300. The positivity index for a peptide is determined by multiplying Ae mean T cell 
stimulation index by the percent of individuals, in a population of individuals sensitive to 
15 ryegrass poTlen (e.g., prefraably a population of at least 15 individuals, more preferably a 
population of at least 30 individuals or more), who have a T cell stimulation index to such 
pq>tide of at least 2.0. Thus, the positivity index represents both the strength of a T cell 
response to a peptide (S X) and the frequency of a T cell response to a peptide in a 
population of individuals sensitive to ryegrass pollen. In Fig. 4, the bar represents the 
20 positivity index and the percent of individuals tested who have a T cell stimulation index 
of at least 2.0 to that peptide are indicated in parenthesis above each bar (the mean T cell 
stimulation index is also indicated above each bar). For example, as shown in Fig. 4, Lolp 
V peptide LPIX-5 (SEQ ID NO:7) has a mean S.L of 5.8 and 26.3% of positive responses 
in the group of individuals tested resulting in a positiviQr index of 15254. Lolp V 
25 peptides having a positivity index of at least about 100 and a mean T cell stimulation 
index of at least about 4 include: LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), and 
LPIX-17 (SEQ ID NO:19). 

In Fig. 5, the bar represents the cumulative rank of the peptide response in the 
group of patients tested as described in Example 2. To determine the cumulative ranic, the 
30 5 peptides with die highest S.L in each individual were determined and assigned a 

numerical rank in descending order, with 5 representing tfie strongest response. The ranks 
for each peptide were then summed for the entire group of patients tested to determine the 
cumulative rank for the peptide. Above each bar is the mean S J. for each peptide and tfie 
percent of positive responses (in parenthesis) with an S.L of at least 2 to the peptide in the 
35 group of patirats tested. 
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fin ord^ to d^enmne precise T ceU epitopes by, for example, fine msqiping 
techniques* a peptide having T cell stimulating activity and thus comprising at least one T 
cell epitope as det^mined by T cell biology techniques is modified by addition or deletion 
of amino acid residues at either the amino or caxboxy terminus of the pq>tide and tested to 
detennine a change in T cell reactivity to the modified peptide. Following diis tedmique, 
pq>tides are selected and produced recombinantly or synthetically. Peptides are selected 
based on various fo(^ors, including the strength of the T cell response to the peptide (e.g.» 
stimulation index), the fiequency of the T cell response to the peptide in a population of 
individuals sensitive to ryegrass pollen, and the potential cross-reactivity of the peptide 
with other allergens from otfa^ species of grasses as discussed earli^ i.e. Dactylis 
glomerata. The physical and ch^nical properties of these selected peptides (e.g., 
solubility, stability) are examined to determine whether the peptides are suitable for use in 
ther^eutic corrq>ositions or whetter the peptides require modification as described herein. 
The ability of the selected peptides or selected modified peptides to stimulate human T 
cells (e.g., induce proliferation, lymphokine secretion) or cause q)propriate T cell 
populations to become non-responsive or have a reduced response to the protein allergen 
is determined. 

In addition, it may be desirable to further modify peptides such as LPIX-4 (SEQ ID 
NO:6).-5 (SEQ ID NO:7),-6 (SEQ ID NO:8).-l 1 (SEQ ID NO:13),-12 (SEQ ID NO:14),- 
16 (SEQ ID NO:18),-17 (SEQ ID NO:19)and -20 (SEQ ID NO:22) for purposes of 
increasing solubility or stability. Modifications to improve solubility include truncation 
fi^m eitba: the amino or carboxyl terminus of the peptide or both termini to remove 
hydrophilic amino acids such as Val, Ee. Leu, Phe, Tyr and Trp. Residues removed by 
truncation may also be replaced with charged hydrophilic amino adds such as Asp, Glu, 
Lys and Arg or neutral hydrophilic amino acids such as Scr, Pro, Gly or Ala. Such amino 
acids may be of either the R or S optical configuration. 

Other modifications to inq>rove solubility include attachment of hydrophilic 
polymers to either the amino- or carboxy terminus of the peptides or to both. Such 
polymers may be polyanionic, polycationic or neutral (such as polyoxyethylene). 

Modifications to inq)rove stability include deletion or r^lacement of Asn and Gin 
residues and elimination ot Asn-Gly, Asp-Gly and Asp-Pro sequences. 

Specific exanq)les of modifications listed above would be removal of the N- 
terminal Val and C-terminalVal-His-Ala-Valftom peptide LIX-12. Tlie resulting 
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tnmcated peptide could be used diiecdy or the deleted residues could be replaced by 
combinatioas of the polar ammo adds Asp, Glu, Lys and Arg. Sumlaily, the N-teminal 
sequrace Gly-Phe and C-terminal sequence Phe-Lys-Ile could be removed firom peptide 
LPIX-5(SEQIDNO:7). 
5 Additionally, preferred T cell epitope-containtng peptides of the invention do not 

bind immunoglobulin E (IgE) or bind IgE to a substantially lesser extent (e.g. at least 100 
fold less and more preferably at least 1000 fold less) than the protein aUergen from which 
tte peptide is derived The m^or conq}lications of standard immunotherapy are IgE- 
mediated responses such as an^hylaxis. Immunoglobulin E is a mediator of anaphylactic 

10 reactions which result firom the binding and cross-linking of antigra to IgE on mast cells 
or basophils and the release of mediators (e.g., histamine, serotonin, eosinophil 
chemotadc factors). Thus, anaphylaxis in a substantial percmtage of a population of 
individuals sensitive to Lol p V could be avoided by the use in immunotherapy of a 
peptide or peptides which do not bind IgE in a substantial percentage (e.g., at least about 

15 75%) of a population of individuals s^isitive to Lol p V allergen, or if the peptide binds 
IgE, such binding does not result in die release of mediators firom mast deUs or basophils . 
The risk of anaphylaxis could be reduced by the use in immunotherapy of a peptide or 
pq>tides which have reduced IgE binding. Moreover, peptides which have ininima! IgE 
stimulating activity are desirable for tfaraapeutic effectiveness. Afinimal Ig^ stimulating 

20 activity refi^ to IgE production that is less than the amount of IgE production and/or IL-4 
production stimulated by the native Lol p V protein allergen. Similarly, IL-4 production 
can be compared, with reduced IL-4 production indicating lessened IgE stimulating 
activity. 

If a peptide of the iavmtion is to be used as a diagnostic reagent, it is not necessary 
25 that the peptide or protein have reduced IgE binding activity con^ared to the native Lol p 
V aUogen. IgE binding activity of peptides can be detmnined by, for example, using 
various types of enzyme linked inununosoibent assays (ELISA). 

Preferred T cell epitope containing peptide of the invration, when administered to 
a ryegrass poll^-sensitive individual or an individual s^isitive to an ali^igra which is 
30 immunologically related to ryegrass pollen allergen such as Dac g I, in a th^:apeutic 
treatment regimen, is enable of modifying the allergic response of the individual to the 
allergy. Particularly, such prefmed Lol p V p^tides of the invention comprising at least 
one T cell epitope of Lol p V or at least two regions derived from Lol p V, each 
corrqmsing at least one T cell epitope, when administered to an individual sensitive to 
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lyegrass pollen are capable of modifying T cell response of the individual to the allergen 
and are useful as therapeutics in addressing sensitivity to grasses. 

A preferred isolated Lol p V peptide of the invention comprises at least one T cell 
epitope of the Lol p V and accordingly the peptide comprises at least approximately seven 
amino acid residues. For purposes of ther^utic effectiveness, preferred therapeutic 
compositions of the invention preferably comprise at least two T cell epitopes of Lol p V, 
and accordingly, a preferred peptide conQnises at least proximately eight amino arid 
residues and preferably at least fifteen amino arid residues. Additionally, therapeutic 
compositions comprismg preferred isolated peptides of Ae invention preferably comprise 
a sufiQrirat percentage of the T cell epitopes of the ratirc protein allergen (i.e. at least 
about 40% and more preferably about 60% of the T cell reactivity to the entire protein 
allergen) such that a th^peutic regimen of administration of the composition to an 
individual sensitive to ryegrass pollen, results in T cells of the individual being tolerized to 
the protem alleigen. Synthetically produced peptides of the invention comprising up to 
approximately forty-five amino acid residues in length, and most preferably up to 
approximately thirty amino add residues in length are particularly desirable as increases in 
length may result in difficulty in peptide synthesis. Peptides of the invention may also be 
produced recombinantly as desaibed earlier, and it is preferable that peptides of 45 amino 
arids or longer be produced recombinantly. 

Pq>tides doived horn fheLolpW protein allergen which can be used for 
therapeutic purposes comprise at least one T cell epitope of Lol pV and comprise all or a 
portion of tfie following peptides: LPK-l (SEQ ID N0:3), LPK-l.l (SEQ ID NO:3), 
LPIX-2 (SEQ ID NO:4), LPK.2.1 (SEQ ID NO: 4), LPIX-3 (SEQ ID NO:5), LPIX-4 
(SEQ ID NO:6) LPK-5 (SEQ ID NO:7), LPK-6 (SEQ ID NO:8). LPIX-7 (SEQ ID 
NO:9), LPIX-8 (SEQ ID NO:10), LPIX-9 (SEQ ID NO:ll), LPK-IO (SEQ ID NO:12), 
LPK-l 1 (SEQ ID N0:13), LPK-12 (SEQ ID NO:14). LPDi:-13 (SEQ ID NO:15), LPK- 
14 (SEQ ID NO:16), LPK-15 (SEQ ID NO:17), LPIX-16 (SEQ ID NO:18), LPK-17 
(SEQ ID NO:19), LPK-18 (SEQ ID NO:20), LPIX.19 (SEQ ID NO:21), LPIX-20 (SEQ 
ID NO:22), LPIX-21 (SEQ ID NO:23), LPIX-22 (SEQ ID NO:24), LPK-23 (SEQ ID 
NO:25), LPIX-24 (SEQ ID NO:26), LPIX-26 (SEQ ID NO:28), and LPK.27 (SEQ ID 
NO:29) (the sequences of which are shown in Kg. 2) wherein the portion of the peptide 
preferably has a mean T cell stimulation index (S.L) equivalent to, or greater than the 
mean T cell stimulation index of the peptide from which it is derived (e.g. as shown in Fig. 
5, the S.I. for LPIX-16 (SEQ ID NO:18) is shown above the bar to be 3.7, therefore any 
portion of LPIX-16 preferably has a mean S.L of 3.7). Even more preferably peptides 
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doived from tbsLolpW protein allergoi which can be used for tfierapeutic purposes 
coiiq)rise all or a portion of the following pqjtides: LPIX-4 (SEQ ID N0:6), U»IX-5 (SEQ 
ID NO:7), LPK-6 (SEQ ID N0:8), LPK-8 (SEQ ID NO:10), LPK-9 (SEQ ID N0:11), 
LPK-1 1 (SEQ ID NO:13), LPK-12 (SEQ ID NO:14). LPK-16 (SEQ ID NO:18), LPDC- 
17 (SEQ ID N0:19), LPK-19 (SEQ ID NO:21), LPK.20 (SEQ ID NO:22), LPIX-23 
(SEQ ID NO:25), and LPIX-26 (SEQ ID NO:28) as shown in Fig. 2. Even more 
preferably, peptides derived from Lol p V protein allergen which can be used for 
thenq)eatic puiposes conq>rise all or a portion of the following pq>tides: LFix-l (SEQ ID 
NO:3). LPK-2 (SEQ ID NO:4), LPIX-3 (SEQ ID NO:5), LPIX-4 (SEQ ID NO:6). LPK- 
5 (SEQ ID N0:7), LPIX-6 (SEQ ID NO:8), LPDC-7 (SEQ ID N0:9), LPK-8 (SEQ ID 
NO:10). LPK-9 (SEQ ID N0:11), LPK-10 (SEQ ID N0:12). LPK-11 (SEQ ID N0:13). 
LPK-12 (SEQ ID N0:14), LPK-13 (SEQ ID NO:15), LPK-14 (SEQ ID N0:16). LPK- 
15 (SEQ ID NO:17), LPK-16 (SEQ ID NO:18), LPK-17 (SEQ ID NO:19), LPK-18 
(SEQ ID NO:20), LPK-19 (SEQ ID NO:21), LPK-20 (SEQ ID NO:22), LPK-21 (SEQ 
ID NO:23). LPK-22 (SEQ ID NO:24). LPK-23 (SEQ ID NO:25), LPK-24 (SEQ ID 
NO:26), LPK-26 (SEQ ID NO:28), and LPK-27 (SEQ ID NO:29). 

One onbodimrat of the present invoition features a peptide or portion thoeof of 
LolpW which conqnises at least one T cell ^itope of the protein aileron and has a 
f(minila Xj^-Y-Z^. According to the formula, Y is an amino acid sequrace selected from 
the group consisting of: LPK-1 (SEQ ID NO:3), LPK-1. 1 (SEQ ID NO:3), LPK-2 (SEQ 
ID NO:4), LPK-2.1 (SEQ ID NO: 4), LPK-3 (SEQ ID N0:5), LPK-4 (SEQ ID NO:6) 
LPK-5 (SEQ ID NO:7), LPK-6 (SEQ ID NO:8), LPK^ (SEQ ID N0:9). LPK-8 (SEQ 
ID NO:10), LPK-9 (SEQ ID N0:11), LPK-10 (SEQ ID NO:12), LPK-11 (SEQ ID 
N0:13), LPK-12 (SEQ ID N0:14), LPK-13 (SEQ ID N0:15), LPK-14 (SEQ ID 
N0:16), LPK-15 (SEQ ID N0:17), LPK-16 (SEQ ID NO:18), LPK-17 (SEQ ID 
N0:19), LPK-18 (SEQ ID NO:20), LPK-19 (SEQ ID N0:21), LPK-20 (SEQ ID 
NO:22), LPK-21 (SEQ ID NO:23), LPK-22 (SEQ ID NO:24), LPK-23 (SEQ ID 
NO:25), LPK-24 (SEQ ID NO:26), LPK-26 (SEQ ID NO:28), and LPK-27 (SEQ ID 
NO:29) (the sequences of which are shown in Rg. 2). In addition, Xq are ammo add 
residues contiguous to die amino tmmnus of Y in the amino add sequence of the protein 
alleigpa and Zq, are amino add residues contiguous to the caifooxy terminus of Y in the 
amino add seqnrace of the protdn allergen. In the formula, n is 0-30 and m is 0-30. 
Preferably, the pq>tide or portion tfaoeof has a mean T cell stimulation index equivalent to 
greater dian the mean T cell stimulation index of Y as shown in Fig. 4. Preferably, amino 
adds comprismg Has amino tominus of X and the caAoxy terminus of Z are selected from 
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chai]ged amino adds, Le., aiginme (R), lysine (K), histidine (H), glutamic add (E) or 
aspartic acid (D); amino acids with reactive side chains, e-g., cysteine (C), asparagine (N) 
or glutamine (Q); or amino adds with sterically small side chains, e.g., alanine (A) or 
glycine (G). Prefi^ably n and m are 0-5; most preferably n + m is less than 10. 
5 Anoth^ embodimrat of the present invention provides pq>tides comprising at least 

two regions, each region comprising at least one T cell epitope of Lol p V and accoidingly 
each region comprises at least approximately seven amino acid residues. These peptides 
comprising at least two regions can comprise up to 100 or more amino acid residues but 
preferably comprise at least about 14, even more preferably at least about 20, and most 
10 preferably at least about 30 aimno add residues of the L^/pV allergen. If desired, the 
amino add sequences of the regions can be produced and joined by a linker to increase 
s^itivity to processmg by antigen-presenting cells. Such linker can be any non-epitope 
amino acid sequence or other impropriate linking or joining agent To obtain prefmed 
peptide conq)rising at least two regions, each comprising at least one T cell q>itope, the 
IS regions are arranged in the same or a differmt configuration from a naturally-occurring 
configuration of the regions in the allergen. For exanq}le, the regions containing T cell 
epitope($) can be arranged in a noncontiguous configuration and can preferably be derived 
firom the same protein alleigm. Noncontiguous is defined as an arrangement of regions 
containing T cell epitope(s) which is different than that of the native amino add sequence 
20 oftfae protein allergy fiom which the regions are derived. Furthermore, the 

noncontiguous regions containing T cell epitopes can be arranged in a nonsequential order 
(e.g., in an order differrat from the ord^ of the amino adds of the native protein allergen 
fix)m which the region containing T cell epitope(s) are dmved in which amino acids are 
arranged from an amino terminus to a carboxy terminus). A peptide of the invention can 
25 conqjrise at least 15%, at least 30%, at least 50% or up to 100% of the T cell epitopes of 
Lol p V but does not comprise the eatixo amino add sequence of Lol p V. 

The individual peptide regions can be produced and tested to determine which 
regions bind immunoglobulin E specific for Lol p V and which of such regions would 
cause the release of mediators (e.g., histamine) from mast cells or basophils. Those 
30 peptide regions found to bind immunogilobulin E and to cause the release of mediators 
from mast cells or basophils in greater than approximately 10-15% of the allergic sera 
tested are prefira:ably not included in the peptide regions arranged to form preferred 
peptides of the invention. 

Examples of prefimed pqitide regions which do not appear to bind to IgE in 
35 preliminary Ig^ binding data studies (Example 3) include the amino add sequences of 
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such regions being shown in Hg. 2 (SEQ ID NO:3-29), or portions of said regions 
comprising at least one T cell qntope. 

Prefened p^des comprise various combinations of two or more of the above- 
discussed prefeired regions, or a portion thereof. Preferred pq)ti(tes comprising a 
combination of two or more regions (each r^on having an amino add sequence as shown 
in Hg. 2), include die following: 

LPIX-4 (SEQ ID N0:6), LPIX-5 (SEQ ID N0:7), LPK-6 (SEQ ID NO:8). LPIX-16 (SEQ 

ID NO:18), LPK-17 (SEQ ID NO:19), and LPK-20 (SEQ ID NO:22); 

LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPK-6 (SEQ ID NO:8). LPIX-12 (SEQ 

ID N0:14), LPIX-16 (SEQ ID N0:18), LPIX-17 (SEQ ID N0:19), and LPIX-20 (SEQ ID 

NO:22); 

LPDC-4 (SEQ ID N0:6), LPIX-5 (SEQ ID N0:7), LPDi:-6 (SEQ ID NO:8). LPK-17 (SEQ 
ID NO: 19) and LPIX-20 (SEQ ID NO:22); 

LPIX-4 (SEQ ID NO:6). LPIX-5 (SEQ ID N0:7), LPIX-6 (SEQ ID NO:8) and LPIX-20 
(SEQIDNO:22): 

LPIX-4 (SEQ ID NO:6). LPIX-5 (SEQ ID N0:7), LPIX-6 (SEQ ID NO:8), LPK-ll (SEQ 
ID N0:13), LPIX-12 (SEQ ID NO:14), LPIX-16 (SEQ ID N0:18), LPDC-17 (SEQ ID 
NO: 19) and LPIX-20 (SEQ ID NO:22); 

LPK-4 (SEQ ID NO:6), LPIX-5 (SEQ ID N0:7), LPIX-6 (SEQ ID N0:8), LPIX-8 (SEQ 
ID NO:10), LPIX-9 (SEQ ID NO:ll). LPIX-1 1 (SEQ ID NO:13). LPK-12 (SEQ ID 
N0:14), LPIX-16 (SEQ ID NO:18). LPK-17 (SEQ ID N0:19). LPK-19 (SEQ ID 
NO:21), LPK-20 (SEQ ID NO:22). LPK-23 (SEQ ID NO:25) and LPK-26 (SEQ ID 
NO:28); 

LPK-4 (SEQ ID NO:6), LPK-ll (SEQ ID NO: 13), LPK-16 (SEQ ID NO:18), and 
LPK-20 (SEQ ID NO:22); 

LPK-4 (SEQ ID NO:6), LPK-1 1 (SEQ ID NO: 13), LPK-17 (SEQ ID NO:19). and 
LPK-20 (SEQ ID NO:22); 

LPK.4 (SEQ ID N0:6), LPK-16 (SEQ ID NO:18), LPK-17 (SEQ ID N0:19), and 
LPK-20 (SEQ ID NO:22); 

LPK-5 (SEQ ID N0:7), LPK-ll (SEQ ID NO: 13). LPK-16 (SEQ ID N0:18). and 
LPK.20(SEQIDNO:22); 

LPK-5 (SEQ ID NO:7), LPK-ll (SEQ ID NO: 13), LPK-17 (SEQ ID N0:19). and 
LPK-20 (SEQ ID NO:22); 

LPK-5 (SEQ ID NO:7), LPK-16 (SEQ ID NO:18), LPK-17 (SEQ ID NO:19), and 
LPK-20 (SEQ ID NO:22); 
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LPK-ll (SEQ ID NO: 13), LPIX-16 (SEQ ID N0:18), LPK-17 (SEQ ID N0:19), and 
LPIX-20 (SEQ ID NO:22); 

LPIX-4 (SEQ ID N0:6), LPK-1 1 (SEQ ID NO: 13), and LPK-20 (SEQ ID NO:22); 
LPIX-4 (SEQ ID N0:6), LPIX-16 (SEQ ID NO:18), and LPIX-20 (SEQ ID NO:22); 
LPIX-4 (SEQ ID NO:6). LPIX-17 (SEQ ID NO:19). and LPIX-20 (SEQ ID NO:22); 
LPK-5 (SEQ ID NO:7), LPK-11 (SEQ ID NO: 13), and LPIX-20 (SEQ ID NO:22); 
LPIX-5 (SEQ ID NO:7), LPK-16 (SEQ ID NO:18), and LPIX-20 (SEQ ID NO:22); 
LPK-l 1 (SEQ ID NO: 13), LPIX-16 (SEQ ID NO:18), and LPIX-20 (SEQ ID NO:22): 
LPK-l 1 (SEQ ID NO: 13), LPIX-17 (SEQ ID NO:19). and LPIX-20 (SEQ ID NO:22); 
LPIX-16 (SEQ ID N0:18), LPIX-17 (SEQ ID N0:19). and LPK-20 (SEQ ID NO:22) 
LPK-5 (SEQ ID NO:7), LPK-17 (SEQ ID NO:19), and LPK-20 (SEQ ID NO:22): 
LPK-4 (SEQ ID NO:6), LPK-20 (SEQ ID NO:22); 
LPK-5 (SEQ ID NO:7), and LPK-20 (SEQ ID NO:22); 
LPK-6 (SEQ ID NO:8), and LPK-20 (SEQ ID NO:22); 
LPK-1 1 (SEQ ED NO: 13), and LPK-20 (SEQ ID N022); 
LPK-12 (SEQ ID NO:14). and LPK-20 (SEQ ID NO:22); 
LPK-16 (SEQ ID NO: 18), and LPK-20 {SEQ ID NO:22); and 
LPK-17 (SEQ ID NO:19), and LPK-20 (SEQ ID NO:22). 

In yd another aspect of die piesoit invention, a composition is provided 
conqnising at least two peptides (eg., a physical mixture of at least two peptides), each 
conqnising at least one T cell q)itope of Lol p V. Such compositions can be in the form of 
a composition additionally with a pharmaceutically acceptable cama of dilumt for 
ther^utic uses, or witii convoitional non-pharmaceutical exdpients for reagent use. 
When used ther^utically, an effective amount of one or more of such conqwsitions can 
be administaed simultaneously or sequ»itially to an individual sensitive to ryegrass 
pollen. 

In anothra- aspect of the invention, combinations of Lol p V peptides are provided 
which can be administered simultaneously or sequentially. Such conibinations may 
coinprise lhaapeutic conqmsitions comprismg only one peptide, or more peptides if 
desired. Such compositions may be used simultaneously or sequentially in preferred 
combinations. 

Rrefbred conqiositions and preferred combinations of Lol pV peptides whidi can 
be administered or otherwise used simultaneously or sequentially (comprising peptides 
having ammo add sequences shown in Hg. 2) include die following combinations: 
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LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID N0:7), LPK-6 (SEQ ID N0:8), LPK-16 (SEQ 
ID NO:18), LPK-17 (SEQ ID NO: 19). and LPIX-20 (SEQ ID NO:22); 
LPK-4 (SEQ ID N0:6). LPK-5 (SEQ ID N0:7), LPDC-6 (SEQ ID N0:8). LPK-12 (SEQ 
ID N0:14), LPK-16 (SEQ ID NO:18), LPK-17 (SEQ ID NO:19), and LPK-20 (SEQ ID 
5 NO:22); 

LPK-4 (SEQ ID NO:6), LPK-5 (SEQ ID N0:7), LPK-6 (SEQ ID NO:8), LPK-17 (SEQ 
ID NO:19) and LPK-20 (SEQ ID NO:22); 

LPK-4 (SEQ ID NO:6), LPK-5 (SEQ ID NO:7), LPK-6 (SEQ ID NO:8) and LPK-20 
(SEQIDNO:22); 

10 LPK-4 (SEQ ID N0:6). LPK-5 (SEQ ID NO:7). LPK-6 (SEQ ID N0:8), LPK-1 1 (SEQ 
ID NO:13), LPK-12 (SEQ ID N0:14), LPK-16 (SEQ ID NO:18), LPK-17 (SEQ ID 
NO: 19) and LPK-20 (SEQ ID NO:22); 

LPK-4 (SEQ ID NO:6), LPK-5 (SEQ ID NO:7), LPK-6 (SEQ ID NO:8), LPK-8 (SEQ 
ID NO:10). LPK-9 (SEQ ID NO:ll). LPK-1 1 (SEQ ID N0:13), LPK-12 (SEQ ID 
15 NO:14), LPK-16 (SEQ ID NO:18), LPK-17 (SEQ ID NO:19), LPK-19 (SEQ ID 
NO:21), LPK-20 (SEQ ID NO:22), LPK-23 (SEQ ID NO:25) and LPK-26 (SEQ ID 
NO:28); 

LPK^ (SEQ ID NO:6), LPK-11 (SEQ ID NO: 13), LPK-16 (SEQ ID NO:18). and 
LPK-20 (SEQ ID NO:22); 
20 LPK-4 (SEQ ID NO:6). LPK-Il (SEQ ID NO: 13), LPK-17 (SEQ ID NO:19). and 
LPK-20 (SEQ ID NO:22); 

LPK-4 (SEQ ID N0:6), LPK-16 (SEQ ID NO:18), LPK-17 (SEQ ID NO:19). and 
LPK-20 (SEQ ID NO:22); 

LPK-5 (SEQ ID N0:7), LPK-11 (SEQ ID NO: 13). LPK-16 (SEQ ID NO:18). and 
25 LPK-20 (SEQ ID NO:22); 

LPK-5 (SEQ ID NO:7), LPK-11 (SEQ ID NO: 13). LPK-17 (SEQ ID NO:19), and 
LPK-20 (SEQ ID NO:22); 

LPK-5 (SEQ ID N0:7), LPK'16 (SEQ ID NO:18). LPK-17 (SEQ ID NO:19), and 
LPK-20 (SEQ ID NO:22); 
30 LPK-1 1 (SEQ ID NO: 13), LPK-16 (SEQ ID N0:18), LPK-17 (SEQ ID N0:19). and 
LPK-20 (SEQ ID NO:22); 

LPK-* (SEQ ID N0:6), LPK-1 1 (SEQ ID NO: 13). and LPK-20 (SEQ ID NO:22); 
LPK-4 (SEQ ID NO:6). LPK-16 (SEQ ID NO:18), and LPK-20 (SEQ ID NO:22); 
LPK-4 (SEQ ID NO:6). LPK-17 (SEQ ID N0:19). and LPK-20 (SEQ ID NO:22); 
35 LPK-5 (SEQ ID NO:7), LPK-1 1 (SEQ ID NO: 13). and LPK-20 (SEQ ID NO:22); 



wo 95/06728 



PCT/US94/09024 



-30- 

LPIX-5 (SEQ ID N0:7), LPIX-16 (SEQ ID N0:18), and LPK-20 (SEQ ID NO:22); 
LPK-ll (SEQ ID NO: 13), LPIX-16 (SEQ ID NO:18), and LPIX-20 (SEQ ID NO:22); 
LPDC-11 (SEQ ID NO: 13), LPK-17 (SEQ ED N0:19), and LPIX-20 (SEQ ID NO:22); 
LPK-16 (SEQ ID N0:18), LPIX-17 (SEQ ID N0:19), and LPIX-20 (SEQ ID NO:22); 
LPIX-5 (SEQ ID N0:7), LPIX-17 (SEQ ID N0:19), and LPIX-20 (SEQ ID NO:22); 
LPIX-4 (SEQ ID N0:6), LPIX-20 (SEQ ID NO:22); 
LPIX-5 (SEQ ID N0:7), and LPIX-20 (SEQ ID NO:22); 
LPIX-6 (SEQ ID N0:8), and LPIX-20 (SEQ ID NO:22); 
LPK-ll (SEQ ID NO: 13). and LPIX-20 (SEQ ID N022); 
LPIX-12 (SEQ ID N0:14), and LPDC-20 (SEQ ID NO:22); 
LPIX-16 (SEQ ID NO:18), and LPIX-20 (SEQ ID NO:22); and 
LPIX-17 (SEQ ID NO:19), and LPIX-20 (SEQ ID NO:22). 

Id another aspect of the present invoition, a tha^)eatic conq)osition is provided 
conqnising at least two peptides (e.g. a physical mixture of at least two peptides, each 
peptide comprising at least one epitope) wheron at least one peptide, conqnises an amino 
add sequence or portion thereof daived firom LolpV selected from the following group: 
LPK-l (SEQ ID NO:3), LPIX-2 (SEQ ID NO:4), LPIX-3 (SEQ ID NO:5), LPK-4 (SEQ 
ID NO:6), LPK-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-7 (SEQ ID NO:9), 
LPIX-8 (SEQ ID NO:10), LPK-9 (SEQ ID N0:1 1), LPK-10 (SEQ ID N0:12), LPIX-1 1 
(SEQ ID NO:13), LPlX-12 (SEQ ID NO:14), LPK-13 (SEQ ID NO:15), LPK-14 (SEQ 
ro N0:16), LPIX-15 (SEQ ID N0:17), LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID 
NO:19), LPK-18 (SEQ ID NO:20). LPIX-19 (SEQ ID NO:21), LPK-20 (SEQ BD 
N0:22), LPK-21 (SEQ ID NO:23). LPK-22 (SEQ ID NO:24), LPK-23 (SEQ ID 
NO:25), LPK-24 (SEQ ID NO:26), LPK-26 (SEQ ID NO:28), and LPK-27 (SEQ ID 
NO:29) (as shown in Rg. 2), and whoein at least one pqitide comprises an amino add 
sequence or portion thereof d^ved fiom Lolpl selected fiom flie following group: LH-l 
(SEQ ID NO:30), LPI-1.1 (SEQ ID NO:31), LPI-2 (SEQ ID NO:32), LH-3 (SEQ ID 
NO:55), LPI-4 (SEQ ID NO:33), LPI-4.1 (SEQ ID NO:34), LPI-5 (SEQ ID NO:35), LPI-6 
(SEQ ID NO:36), LPI-7 (SEQ ID NO:37), LPI-8 (SEQ ID NO:38), LPI-9 (SEQ ED 
NO:39), LPI-10 (SEQ ID NO:40), LPI-11 (SEQ ID N0:41), LPI-12 (SEQ ID NO:42), 
LPI-13 (SEQ ID NO:43), LPI-14 (SEQ ID NO:44). LPI-15 (SEQ ID NO:45), LPI-16 
(SEQ ID NO:46), LPI-16.1 (SEQ ID NO:47), LPI-17 (SEQ ID NO:48), LPI-18 (SEQ ID 
NO:49), LPI-19 (SEQ ID NO:50), LPI-20 (SEQ ID NO:56), LPI-21 (SEQ ID NO:51), 
LPI-22 (SEQ ID NO:52), and LPI-23 (SEQ ID NO:53).(as shown in Hg. 3). The isolation 
and cloning of the clones encoding Lot pi as well as tiie synthesis of die various Lolpl 
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p^des shown in Fig. 3, along with human T cell stadies using Lol p I and using various 
pcfttides derived from Lolp laic described in PCT/US94/02S37, which is hoeby 
incoipoFated by lefoence in its entirety. 

Preferably, a ther^utic composition comprises at least four, five, six, seven, or 

5 eight peptides whraein at least two, three or four peptides are doived fiom lo/ p V and are 
selected fiom the following group: lPIX-4 (SEQ ID N0:6), LPIX-5 (SEQ ID N0:7), 
LPI-6 (SEQ ID NO:36), LPK-ll (SEQ ID NO: 13), LPI-12 (SEQ ID NO:42), LPIX-16 
(SEQ ID NO:18), LPIX-17 (SEQ ID NO:19), and LPIX-20 (SEQ ID NO:22), and at least 
two, dnee or four peptides are derived fiom Lol p I and selected fix>m the following group: 

10 LPI-16 (SEQ ID NO:46), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), and LPI-23 
(SEQ ID N0:S3); for example, a preferred tfaenq)eutic conqiosition comprises at least two 
peptides of Lol pi and two peptides of Lol p V. or two pq>tides of Lol p I and three 
pq>tides of Lol pW,or three pqjtides fix)m Lol I and three peptides from Lol p V, or 
three peptides fixwn Lol p I and four peptides fiom Lol pV,ot four peptides fiom Lol p I 

15 and four p^tides finm Lol p V, or four peptides fiom Lol p I and three pqitides fiom Lol 
pY. 

In another aspect of the present invration a method is provided conqnising 
administering a combination of pqitides or portions thereof doived fiom Lol pV and Lol 
p I which can be administered simultaneously or sequentially; each of such peptides can 
20 be in the f(»m of a thraapeuticcoiiiposition with a phannaceutically acceptable carrier or 
diluoit Exanq>les of jHeferred conqmsitions and preferred combinations conq)rising Lolp 
V and Lolp I peptides or portions tfaaeof, whidi can be administered simultaneously or 
sequentially conqnise tiie foUowing combinations: 

25 LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34). LPI-10 (SEQ ID 
NO:40), LH-11 (SEQ ID N0:41), LPI-15 (SEQ ID NO:45), LPI-22 (SEQ ID NO:52), 
LPK^ (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7). LPK-6 (SEQ ID NaS). LPIX-8 (SEQ 
ID NO:10), LPK-9 (SEQ ID NO:ll), LPK-l 1 (SEQ ID N0:13), LPIX-12 (SEQ ID 

30 NO:14). LPIX-16 (SEQ ID NO:18), LPK-17 (SEQ ID NO:19). LPIX-19 (SEQ ID 
NO:21), LPDC-20 (SEQ ID NO:22), LPK-23 (SEQ ID NO:25), LPIX-26 (SEQ ID 
NO:28); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49). LPI-20, LPI-23 (SEQ ID NO:53), 
35 LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-10 (SEQ E) NO:40), LPI-1 1 (SEQ 
ID N0:41), LPI-15 (SEQ ID NO:45), LH-22 (SEQ ID NO:52), LPK-4 (SEQ ID N0:6), 
LPK-5 (SEQ ID Na?), LPIX-6 (SEQ ID NO:8). LPIX-8 (SEQ ID NO:10), LPK-9 (SEQ 
ID NO:ll), LPK-ll (SEQ ID NO:13). LPK-12 (SEQ ID NO:14), LPK-16 (SEQ ID 
N0:18), LPK-17 (SEQ ID NO:19), LPK-19 (SEQ ID NO:21), LPK-20 (SEQ ID 
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NO:22), LPIX-23 (SEQ E> NO:25), LPIX-26 (SEQ ID NO:28), LPIX-4 (SEQ ID N0:6), 
LPDC-5 (SEQ ID N0:7). LPIX.6 (SEQ ID N0:8), LPK-9 (SEQ ID N0:11), LPK-11 
(SEQ ID N0:13), LPIX-12 (SEQ ID N0:14), LPIX-16 (SEQ ID N0:18), LPK-17 (SEQ 
ID N0:19), LPIX-19 (SEQ ID N0:21). LPIX-20 (SEQ ID NO:22); 

5 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-10 (SEQ ID 
NO:40). LPI-1 1 (SEQ ID NO:41), LPI-15 (SEQ ID NO:45), LPI-22 (SEQ ID NO:52), 
LPK-4 (SEQ ID N0:6), LPK-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8). LPK-9 (SEQ 
10 ID N0:11), LPIX-12 (SEQ ID N0:14), LPIX-16 (SEQ ID N0:18), LPIX-17 (SEQ ID 
NO:19), LPK-19 (SEQ ID NO:21), LPIX-20 (SEQ ID NO:22), LPK-23 (SEQ ID 
NO:25);- 

LPI-16.1 (SEQ ID NO:47). LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
15 (SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-10 (SEQ ID 
NO:40). LM-l 1 (SEQ ID NO:41), LPI-15 (SEQ ID NO:45), LPI-22 (SEQ ID NO:52), 
LPIX-4 (SEQ ID NO:6), LPK-5 (SEQ ID N0:7), LPK-6 (SEQ ID NO:8). LPK-12 (SEQ 
ID N0:14), LPK-16 (SEQ ID NO:18), LPK-17 (SEQ ID N0:19), LPK-19 (SEQ ID 
NO:21), LPK-20 (SEQ ID NO:22); 

20 

LPI-16.1 (SEQ ID NO:47). LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55). LPI-4.1 (SEQ ID NO:34). LPI-10 (SEQ ID 
NO:40), LPI-ll (SEQ ID NO:41), LPI-15 (SEQ ID NO:45), LPI-22 (SEQ ID NO:52). 
LPK-4 (SEQ ID NO:6), LPK-5 (SEQ ID NO:7), LPK-6 (SEQ ID NO:8). LPK-16 (SEQ 
25 ID NO:18). LPK-17 (SEQ ID N0:19). LPK-19 (SEQ ID N0:21), LPK-20 (SEQ ID 
NO:22); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53). LPI-3 (SEQ ID NO:55). LPI-4.1 (SEQ ID NO:34), LPI-10 (SEQ ID 
30 NO:40), LPI-ll (SEQ ID NO:41), LPI-15 (SEQ ID NO:45), LPI-22 (SEQ ID NO:52); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56). LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-10 (SEQ ID 
NO:40). LM-l 1 (SEQ ID N0:41). LPI-15 (SEQ ID NO:45). LPK-4 (SEQ ID N0:6), 
35 LPK-S (SEQ ID NO:7), LPK-6 (SEQ ID NO:8). LPK-8 (SEQ ID NO:10), LPK-9 (SEQ 
ID N0;11), LPK-11 (SEQ ID N0:13), LPK-12 (SEQ ID N0:14). LPK-16 (SEQ ID 
NO:18), LPK-17 (SEQ ID NO:19), LPK-19 (SEQ ID NO:21), LPK-20 (SEQ ID 
NO:22), LPK-23 (SEQ ID NO:25), LPK-26 (SEQ ID NO:28); 

40 LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), Ln-4.1 (SEQ ID NO:34), LPI-10 (SEQ ID 
NO:40), LH-ll (SEQ ID N0:41), LPI-15 (SEQ ID NO:45), LPK-4 (SEQ ID N0:6), 
LPK-5 (SEQ ID NO:7), LPK-6 (SEQ ID NO:8). LPK-9 (SEQ ID N0:11), LPK-1 1 
(SEQ ID N0:13). LPK-12 (SEQ ID NO:14), LPK-16 (SEQ ID NO:18), LPK-17 (SEQ 

45 ID N0:19), LPK-19 (SEQ ID N0:21), LPK-20 (SEQ ID NO:22); 
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LPI-16.1 (SEQ E> NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO J5), LPI-4.1 (SEQ ID Na34), LPI-10 (SEQ ID 
NO:40), LPI-11 (SEQ ID N0:41), LPI-15 (SEQ ID NO:45), LPK-4 (SEQ ID NO:6), 
5 LPK-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-9 (SEQ ID NO:l 1), LPIX-12 
(SEQ ID N0:14), LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID N0:19), LPIX-19 (SEQ 
ID N0:21), LPK-20 (SEQ ID NO:22); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
10 (SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-10 (SEQ ID 
NO:40), LPI-11 (SEQ ID NO:41), LPI-15 (SEQ ID NO:45), LPK-4 (SEQ ID N0:6), 
LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPK-12 (SEQ ID NO:14), LPIX-16 
(SEQ JD N0:18), LPIX-17 (SEQ ID N0:19), LPIX-19 (SEQ ID N0:21). LPIX-20 (SEQ 
IDNO:22); 

15 

LPI-16.1 (SEQ ID NO:47), LH-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34). LPI-10 (SEQ ID 
NO:40), LPI-11 (SEQ ID NO:41), LPI-15 (SEQ ID NO:45), LPIX-4 (SEQ ID NO:6), 
LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8). LPIX-16 (SEQ ID NO:18), LPIX-17 
20 (SEQ ID NO:19). LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ ID NO:22); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55). LPM.l (SEQ ID NO:34), LPI-10 (SEQ ID 
NO:40), LPI-1 1 (SEQ ID NO:41), LPI-15 (SEQ ID NO:45), LPK-4 (SEQ ID N0:6), 
25 LPK-5 (SEQ ID N0:7), LPK-6 (SEQ ID NO:8), LPK-16 (SEQ ID Nai8), LPK-17 
(SEQ ID NO:19), LPK-20 (SEQ ID NO:22); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPK-4 (SEQ ID 
30 N0:6), LPK-5 (SEQ ID NO:7), LPK-6 (SEQ ID NO:8), LPK-8 (SEQ ID NO:10). 

LPK-9 (SEQ ID N0:11), LPK-11 (SEQ ID NO:13), LPK-12 (SEQ ID N0:14), LPK-16 
(SEQ ID NO:18). LPK-17 (SEQ JD NO:19), LPK-19 (SEQ ID NO:21), LPK-20 (SEQ 
ID NO:22); LPK-23 (SEQ ID NO:25), LPK-26 (SEQ ID NO:28); 

35 LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI.20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55). LPI-4.1 (SEQ ID NO:34). LPK-4 (SEQ ID 
NO:6), LPK-5 (SEQ ID NO:7), LPK-6 (SEQ ID NO:8), LPK-9 (SEQ ID N0:11), 
LPK-11 (SEQ ID NO:13), LPK-12 (SEQ ID N0:14), LPK-16 (SEQ ID NO:18), LPK- 
17 (SEQ ID N0:19), LPK-19 (SEQ ID NO:21), LPK-20 (SEQ ID NO:22); 

40 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPK-4 (SEQ ID 
N0:6), LPK-5 (SEQ ID N0:7), LPK-6 (SEQ ID NO:8), LPK-9 (SEQ ID NO:ll). 
LPK-12 (SEQ ID N0:14), LPK-16 (SEQ ID NO:18), LPK-17 (SEQ ID NO:19), LPK- 
45 19 (SEQ ID N0:21), LPK-20 (SEQ ID NO:22). LPK-23 (SEQ ID NO:25); 
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LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55). LPI-4.1 (SEQ ID NO:34), LPK-4 (SEQ ID 
NO:6), LPK-5 (SEQ ID N0:7), LPIX-6 (SEQ ID N0:8). LPIX-12 (SEQ ID NO:14), 
5 LPDC-16 (SEQ ID N0:18), LPK-17 (SEQ ID NO:19). LPK-19 (SEQ ID NO:21), LPK- 
20(SEQIDNO:22); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPIX-4 (SEQ ID 
10 NO:6), LPIX-5 (SEQ ID NaT), LPK-6 (SEQ ID NO:8), LPIX-ie (SEQ ID NO:18), 
LPIX-17 (SEQ ID NO:19). LPK-19 (SEQ ID N0:21). LPIX-20 (SEQ ID NO:22); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49). LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPIX-4 (SEQ ID 
15 NO:6). LPIX-5 (SEQ ID NO:7), LPK-6 (SEQ ID N0:8). LPK-16 (SEQ ID N018) 
LPK-17 (SEQ ID NO:19), LPK-20 (SEQ ID NO:22); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56). LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPl-4.1 (SEQ ID NO:34), LPI-22 (SEQ. ID 
20 NO:52). LPK-4 (SEQ JD NO:6), LPK-5 (SEQ ID NO;7), LPK-6 (SEQ ID NO-8) 

LPK-8 (SEQ. ID NO:10), LPK-9 (SEQ. ID N0:11). LPK-11 (SEQ. ID NO:13), LPK- 
12 (SEQ. ID N0:14), LPK-16 (SEQ ID NO:18). LPK-17 (SEQ ID NO:19), LPK-19 
(SEQ. ID NO:21). LPK-20 (SEQ ID NO:22). LPK-23 (SEQ. ID NO:25), LPK-26 (SEO 
IDNO:28); ^' 

25 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-22 (SEQ ID 
NO:52), LPK-4 (SEQ ID NO:6), LPK-5 (SEQ ID NO:7), LPK-6 (SEQ ID NO:8), 
LPK-8 (SEQ ID NO:10), LPK.9 (SEQ ID N0:1 1). LPK-1 1 (SEQ ID NO: 13). LPK-12 
30 (SEQ ID NO:14). LPK-16 (SEQ ID NO:18). LPK-17 (SEQ ID N0:19), LPK-19 (SEO 
ID NO:21), LPK-20 (SEQ ID NO:22); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56). LPI.23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55). LPI-4.1 (SEQ ID NO:34), LPI-22 (SEQ ID 
35 NO:52), LPK-4 (SEQ ID NO:6). LPK-5 (SEQ ID NO:7), LPK-6 (SEQ ID NO:8). 

LPK-9 (SEQ ID N0:1 1), LPK-12 (SEQ ID N0:14), LPK-16 (SEQ ID NO:18), LPK-17 
(SEQ ID NO:19), LPK-19 (SEQ ID N0:21), LPK-20 (SEQ ID NO:22), LPK-23 (SEO 
IDNO:25); ^ 

40 LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-22 (SEQ ID 
NO:52), LPK-4 (SEQ ID NO:6), LPK-5 (SEQ ID N0:7), LPK-6 (SEQ ID N0:8), 
LPK-12 (SEQ ID N0:14), LPK-16 (SEQ ID N0:18), LPK-17 (SEQ ID NO:19), LPK- 
19 (SEQ ID NO:21), LPK-20 (SEQ ID NO:22); 

45 



'St 
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LPI-16.1 (SEQ ID NO:47), LPI-lg (SEQ ID NO:49). LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LH-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34). LPI-22 (SEQ ID 
NO:52), LPK-4 (SEQ ID NO:6). LPIX-5 (SEQ ID N0:7). LPK-6 (SEQ ID NO:8), 
LPK-16 (SEQ ID NO:18), LPIX-17 (SEQ ID N0:19), LPK-19 (SEQ ID N0:21). LPK- 
5 20(SEQIDNO:22); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55). LPI-4.1 (SEQ ID NO:34), LPI-22 (SEQ ID 
NO:52), LPK-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID N0:8), 
10 LPIX-16 (SEQ ID Nai8). LPK-17 (SEQ ID NO:19), LPK-20 (SEQ ID NO:22); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ED NO:56), LPI-23 
(SEQ ID NO:53). LPI-3 (SEQ ID NO:55), LPK-4 (SEQ ID NO:6), LPK-5 (SEQ ID 
NO:7), LPK-6 (SEQ ID N0:8). LPK-8 (SEQ ID NO:10), LPK-9 (SEQ ID N0:1 1), 
15 LPK-11 (SEQ ID N0:13), LPK-12 (SEQ ID N0:14), LPK-16 (SEQ ID N0:18), LPK- 
17 (SEQ ID N0:19). LPK-19 (SEQ ID NO:21), LPK-20 (SEQ ID NO:22), LPK-23 
(SEQ ID NO:25), LPK-26 (SEQ ID NO:28); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
20 (SEQ ID NO:53), LPK-4 (SEQ E) NO:6). LPK-5 (SEQ ID NO:7). LPK.6 (SEQ ID 
N0:8), LPK-9 (SEQ ID NOrll), LPK-11 (SEQ ID NO:13), LPK-12 (SEQ ID NO:14). 
LPK-16 (SEQ ID NO:18), LPK-17 (SEQ ID NO:19), LPK-19 (SEQ ID NO:21), LPK- 
20 (SEQ ID NO:22); 

25 LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPK-4 (SEQ ID NO:6), LPK-5 (SEQ ID NO:7), LPK-6 (SEQ ID 
N0:8), LPK-11 (SEQ ID NO:13), LPK-12 (SEQ ID NO:14), LPK-16 (SEQ ID N0:18), 
LPK-17 (SEQ ID NO:19), LPK-19 (SEQ ID NO:21), LPK-20 (SEQ ID NO:22); 

30 LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49). LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53). LPK-4 (SEQ ID NO:6), LPK-5 (SEQ ID NO:7), LPK-6 (SEQ ID 
NO:8), LPK-12 (SEQ ID NO:14). LPK-16 (SEQ ID N0:18). LPK-17 (SEQ ID NO:19), 
LPK-19 (SEQ ID NO:21), LPK-20 (SEQ ID NO:22); 

35 LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56). LPI-23 
(SEQ ID NO:53). LPK-4 (SEQ ID NO:6), LPK-5 (SEQ ID NO:7), LPK-6 (SEQ ID 
NO:8), LPK-16 (SEQ ID NO:18), LPK-17 (SEQ ID N0:19), LPK-19 (SEQ ID NO:21), 
LPK-20 (SEQ ID N022); and-. 

40 LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPK-4 (SEQ ID NO:6), LPK-5 (SEQ ID NO:7), LPK-6 (SEQ ID 
NO:8). LPK-11 (SEQ ID NO:13), LPK-12 (SEQ ID NO:14), LPK-16 (SEQ ID N0:18), 
LPK-17 (SEQ ID NO:19), LPK-20 (SEQ ID NO:22). 
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In addition, a composition is provided comprising at least two Lol p I peptides (e.g. 
a physical mixture of at least two peptides), each comprising at least one T cell epitope of 
Lol p L Such conq)ositions can be administered in the form of a tii»::^utic co^^)osition 
with with a pharmaceutically acceptable earner or dilu»t to treat lyegrass sensitivity and 
5 particularly, sensitivity to Lol p I protein alleigen. Preferred compositions and preferred 
combinations of Lol p I peptides which can be administered simultaneously or 
sequentially (conqmsing peptides having the amino acid sequences shown in Fig. 3 
include the following combinations: 

10 LPH6 (SEQ ID NO:46), and LPI-20 (SEQ ID NO:56); 
LPM8 (SEQ ID NO:49), and LPI-20 (SEQ ID NO:56); 
LPI-20 (SEQ ID NO:56), and LPI-23 (SEQ ID NO:53); 

LPI-16 (SEQ ID NO:46), LPM8 (SEQ ID NO:49), and LPI-20 (SEQ ID NO:56); 
LPM6 (SEQ ID NO:46), LPI-20 (SEQ ID NO:56), and LPI-23 (SEQ ID NO:53); 
15 LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), and LPI-23 (SEQ ID NO:53); 

LPM6 (SEQ ID NO:46), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), and LPI-23 
(SEQIDNO:53), 

Any of the compositions described hmin are useful in the manufacture of a 
20 medicament for treating sensitivity to ryegrass pollen allergen or an immunologically 
cross reactive allergen in an individual. 

The present invention if further illustrated by the following non-limiting Figures 
and Exarrq>les. 

25 EXAMPLEI 

Purification of Native LolpY from ryegrass pollen 

A. Production and purification of monoclonal antibody (mAb) 1B9. 

30 Balb/c mice were immunized with CTude Dactylis glomerate (orchard grass/cocksfoot 

grass) pollen extract and antibody secreting clones were generated as described (Walsh et al, Int 
Arch. Allergy Appl ImmunoL, 1990. 91: 419-425). MAb 1B9 hybridoma clone which cross- 
reacts to Lol p V was obtained bom Dr. Walker (Univ. Birmingham, Wolfson Research Lab, 
Bumingham,UK). Ascitic fluid generated bom Balb/c mice was produced by contract (Babco, 

35 Richmond, CA). The antibodies were purified from ascites fluid by (NH4)2 SO4 precipitation 
(50% saturation). The pellet was resuspended in lOmM phosphate buffer, pH 7 J and dialyzed 
against the same buffer at 4^C overnight and then fractionated by ion-exchange chromatography 
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on FPLC Q-Sephaiose (Pharmacia, Piscataway, NJ) using linear gradient 0-0.5 M NaQ. IgG was 
eluted between O.lS-0.2 M NaCl concentration. 

B. Preparation of 1B9 immunoaffinity column 

5 

Purified 1B9 was coupled to A£Ggel-10 (Biorad, Ridunond, CA) using 3-4 mg protein/mL 
of gel according to manufacturer's instructions. In brief, PFLC Q-Sepbarose purified mAb 1B9 
was dialyzed against O.IM MOPS buffer, pH 13 with two to three changes overnight at 4^C. The 
AffigeI-10 resin was washed with deionized cold H2O in a sdntered glass funnel. The wasted 
10 resin was mixed with the 1B9 antibody for four hours at 4^C, followed by an one-hour blocking 
step with 1 M ethanolamine, pH 8.0. Resm was packed into a column, washed with PBS and then 
stored in PBS + 0.05% sodium azide. 



C. Affinity purification of Lol p V fiom ryegrass pollen 

15 

lOOg defatted ryegrass pollen (purdiased firom Greer Laboratories, Lenoir, NQ was 
extracted in 1 liter extraction buffer containing 0.05 M phosphate buffer, pH 7.2, 0.15 M NaCl, 
phenyl methyl sulfonyl fluoride (170 |ig/niL), leupeptin (1 pg/mL), pepstatin (Ipg/mL) and 
soybean trypsin inhibitor (l^g/mL). 

20 The pollen was extracted by stirring the solution ov^night at 4^C, followed by 

centrifugation at 12,000 x g for 100 minutes. The insoluble materials were re-extracted in 0.5- 
1 .OL extracticm buffer and then the supematants were combined and depigmented by batch 
absorption onto 100 mL DE-52 cellulose (Whatman, Maidstone, England) equilibrated with 0.05 
M phosphate buffo: + 0.3 M Nad, pH 7.2. 

25 The unbound materials were loaded onto the 1B9-Af&gel-10 column at a flow rate of 

OJml/min. The column was then washed extensively with PBS, PBS *f 0.5 M NaCl and once 
again with PBS before elution of the Lol p V allergois with 0.1 M glycine, pH 2.7. Fractions 
were neutralized with 1 M Tris, pH 11.0 immediately. These affinity-purified materials w&cc used 
in IgJB, studies and T cell epitope mapping. 

30 

PhysipQchemical piropertiies pf pflSniity-pttTifigd lolpY 

The 1B9 afBnity-purified material was analyzed by SDS-PAGE. As shown in Fig. 15, Lol 
p V exists as multiple bands with molecular weigjit ranged from 29,000 - 22,000. All these 
components were reactive with 1B9 by Western blotting analysis (data not shown). These 
35 components were electroblotted onto ProBlott membrane (Applied Biosystems, Foster City, CA), 
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stained by Coomassie blue and the three major bands were excised and sequenced on a Bedcman 
LF-3000 sequencer (Beckman Instruments, Carisbad. CA). N-terminal amino acid sequence of 
the three bands are shown in Table L TTie sequencing data shows that the middle and lower 
molecdar weight bands represent N-tenninal cleavage products of the higher molecular weight 
component The N-terminus sequrace was identical to the cloned Lolp V (12R) (see PCT 
application pubKcation number WO93/04174). The 5 proline residues at the N-termmus were 
found to be aU hydroxyprolines, which seemed to be common to Group V aUergens fiom 
Northern grasses (Matthiesen. F. et aL, 1991, CUn. Exp. Allergy, 21:297-307). We also 
detennined the lB9-afBnity purified material by amino add analysis (Table 2) and the data were 
veiy similar to the Lo/ p V and other group V aUeigens fiom Northern grasses reported by 
Hysner et al., {ain. Experimental AUergy, 1992, 22:491-497). Furthennorc, Western blot 
analysis usmg specific anti-group I mAb (data not shown) demonstrated Group I proteins could 
not be detected in these preparations. Tlius, takoi together these data suggest that the 1B9- 
afSnity purified preparations contained only Group V allergens. 



i 
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Tabid 

N-terminal amino add sequrace and cleavage site of Lol p V alleigen 

amino acid #1 4 11 J. 

Lol pV AOAOYTP'AAAATP'ATP-AATP* 

21 31 
AAA6GK&TTDEQK 



P rqaeseots h ydi oji ypi oline 

The N-tenninal sequence was detomined from the tioee major bands electtoblotted onto PcoBlott 
membrane. Tlie upper band starts witfi amino add 1 whereas tiienuddle 
acid9aDdl8,iespectively. Hie anows indicate the cleavage sites. 
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Table 2 : Amino add composition of Group V allergens 



MoIe% 



Amino add 


Phip ya 


Lolp Va 


cxpt I 


Lolp V*> 
expt2 


expt3 


Asx 


5.4 


6.3 


5.3 


6.7 


7.5 


Thr 


7.6 


8.6 


7.4 


8.7 


9.2 


Ser 


5.1 


ZO 


3.3 


2.3 


2.7 


Glx 


10.2 


9.8 


7,4 


8.8 


8.9 


Gly 


6.4 


4.0 


7.2 


5.2 


4.8 


Ala 


25.7 


29.0 


27.7 


31.3 


31.7 


Cys 


0.0 


1.0 








Val 


6.6 


6.4 


5.5 


5.5 


6.4 


Met 


0.7 


0.3 


0.5 


0.3 


0.8 


He 


3.6 


3.4 


3^ 


2.9 


3.1 


Leu 


4.7 


5.9 


6.5 


5.0 


5.3 


Tyr 


3.5 


3.0 


2.9 


Z5 


1.7 


Rje 


4.1 


5.0 


4.8 


4.0 


4.5 


His 


0.8 


0.3 




0.2 


0.5 


Lys 


8.8 


9.8 


11.0 


9.2 


6.0 


Arg 


1.0 


0.4 


0.6 


0.4 


0.8 




4^ 


4.9 




4.7 c 


3.7 c 


Hyp 


1.4 


NJL 




1.8 c 


L7C 



NJt (NotrepoilecO 

a values rqKHted by KlysoCT.S.c/olLCIiiLEjq). Allergy (1992) 22:^ 

^ the amino acid amqrasition was detennined fix>m mAb lB9-affiiiity purified materials and values obtained 

£pom three ejqperiments are presmted. 
^ the contoit of proline and hydroxyproline was detennined by peak height smce the hydioxyproline peak was 

very broad due to an contaminant which duted at the trailing edge of the hydroxyproline peaL All the other 

amino adds were determined by peak areas. 
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Example 2 - Human T Cell Studies with LolpV 

Synthesis of Overlappinp Peptides 

The amino add sequence of LolpV was deduced firom the cDNA sequence of 
clone 12R (SEQ ID NO:2) ATCC number 69475 as shown in Fig. 1. The details of the 
isolation and cloning of clone 12R encoding LolpV (described as Ib,l) are given in 
PCT ^pKcation publication number WC)93/04174 incoiporated herein by reference in its 
enthety . One example of expression of recombinantly produced LolpV oicoded by clone 
12R is givra in Example 4, to follow. 

Ryegrass Lolp V overlapping peptides were synthesized using standard 
Fmoc/tBoc synthetic chemistry and purified by Reverse Phase HPLC. Fig. 2 shows Lolp 

V peptides used in these studies. The peptide names are consistent throughout 

T Cell Responses to R veprass Antigen Peptides 

Peripheral blood mononuclear cells (PBMQ were purified by lymphocyte 
separation medium (LSM) cwitiifugation of 60 ml of hepaiinized blood fit>m grass- 
allergic patients who exhibited clinical symptoms of seasonal rhinitis and were skin test 
positive for grass. Long-term T cell lines were established by stimulation of 2x106 
PBL/ml in bulk cultures of complete medium (IRIMI-164), 2 mM L-glutamine, 100 U/ml 
pCTidllin/streptomycm, SxlO-^M 2-mercaptoedianol, and 10 mM HEPES, supplemented 
witii 5% heat-inactivated human AB serum, witii 10 pg/ml of afiBnity purified native Lolp 

V for 6 days at 3TC in a humidified 5% CO2 mcubator to select for LolpV reactive T 
Cells. This amount of primmg antigen was determined to be optimal for the activation of 
T cells from most grass-allergic patients. Viable cells were purified by LSM 
centrifiigation and cultured m complete medium, supplemented with 5 units recombmant 
human IL-2/ml and 5 units reconobinant human IL-4/ml for up to 3 weeks until flie desired 
cell number woe achieved. The cells w^ allowed to rest for 4-6 days. 

The ability of die T cells to proliferate to selected peptides, recombinant Lolp I 
{xLolp I), purified native Lolp V, purified xLol p V, or recombinant Fel d I (iFel d I) 
(Cham I), or tetanus toxoid (TT) was then assessed. For assay, 2X10^ rested cells were 
restimulated in die presmce of 2X10^ autologous Epstein-Barr virus (EB V)-transformcd 
B cells (prepared as desaibed below) or 5X10* irradiated PBL witii 2-50 mg/ml of xLolp 
I. purified native Lol p V. xFel d I (Cham I), or rLoZ p I, in a volume of 200 ml complete 
medium in duplicate wells in 96-weIl round-bottom plates for three days. Each well tiien 
received 1 mQ tritiated thymidine for 16-20 hours. The counts incorporated were 
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collected onto glass fiber filt^ mats and processed for liquid scinitillation counting. The 
varying antigen dose in assays with rLol p V, purified native Lol p V, and recombinant Lol 
p I and antigenic peptides synthesized as described above were determined. The titrations 
were used to optimize the dose of peptides in T cell assays. The maximum response in a 
titration of eadi peptide is expressed as the stimulation index (S.L). The S J. is the counts 
per minute (CPM) incorporated by cells in response to peptide, divided by the CPM 
incorporated by cells in medium only. An S.L value equal to or greats than 2 times the 
background level is considered "positive" and indicates that the peptide contains a T cell 
epitope. The positive results v/m used in calculating mean stimulation indices for each 
peptide for the group of patients tested. The results (not shown) demonstrate that one 
patient responds well to recombinant Lol p V and purified native Lol p V, as well as to Lol 
/> VpeptidesbutnottorFdrfI(ChamI)orTT. This indicated that LoZ p V T cell 
epitopes are recognized by T cells from this particular allergic patient and that rLol p V 
contains such T cell epitopes. 

The above procedure was followed with a total of 19 patients. Individual patient 
results were used in calculating the mean S J. for each peptide if the patient responded to 
the purified native LolpW protein at an S X of 2.0 or greater and the patient responded to 
at least one pq)tide doived ftom purified native Lol p I at an S.L of 2.0 or greater. A 
summary of positive experiments from 19 patients is shown in Rg. 4. The numb^ above 
each bar r^rt the mean S.L for that peptide. The numbers enclosed in the parenttieses 
denote percentage of patients responding to that particular peptide. The bar represents the 
positivity index for eadi peptide (% of patients responding multiplied by mean Si). 

Rg. 5 shows the ranked sum for each peptide derived ftom the same data as 
described above. Thebarrepresents the cumulative rank of the peptide response in the 
group of the 19 patients tested. To determine the cumulative rank, the 5 peptides with the 
higjiest S.L in each individual are determined and assigned a numerical rank in descending 
order, with 5 representing the strongest response. The ranks for each peptide were then 
summed for the entire group of patients to determine the cumulative rank for the peptide. 
Above each bar is tfie mean S .1. and percrat of positive responses (in parenthesis) with an 
S.L of at least 2 to the peptide in the group of 19 patients tested. Given the percent 
positive and the mean T cell stimulation index, the positivity index (PI) for each peptide 
can be calculated by multiplying the two numbers. Rg. 5 shows that LPIX-20 has the 
highest ranked sum of the peptides in this study. 
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Example ^ 

Lol V as a Major Ryegrass Pollen All^gen 

5 A) ELIS A Analysis 

To examine tbe importance of Lol p V, both direct and comp^tion ELIS A assays 
were performed In the direct ELISA, lOOpl of lOpg/ml of antigen in Phosphate Bufifeied 
Saline, pH 7.4 (PBS) was used to coat Immulon n (Dynatech, Chantilly, VA) 96 well 

10 plates for 4 hours at room tenq)erature(RT) or overmght(0/N) at A'^C. In between each 
step the plates were washed 3X with PBS-T. The excess coating anttgen(s) was removed 
and the wells blocked with aOOpl/well 0.5% gelatin + Img/ml PVP in PBS for 1 horn- at 
RT. Serially diluted patient plasma or the diluent PBS + 0.05% Tween'^ was incubated 
in at lOOpl/well in duplicate wells overnight at 4^C, Unbound antibody was removed, and 

15 the wells incubated with lOOpl/well of ^d Ab (1:1000, biotinylated goat anti-human ^gB, 
KPL Inc., Gaithersburg, MD) for 1 hour at RT. This solution was removed and 
streptavidin-horse radish peroxidase (HRPO) (1:10000) was added at lOO^I/well (SBA 
Inc., Birmingham, AL) and incubated for 1 hr at RT. 3, 3', 5, S'-tetramethylbenzidine 
(TMB) Substrate (KPL, Gaithersburg, MD) was freshly mixed and added at lOOpl/well 

20 and the color allowed to develop for 1-5 minutes. Hie reaction was stopped by the 

addition of lOOpl/well IM phosphoric add. Plates were read on a MR7000 plate reader 
(Dynatech, ChantiUy, VA) with a 45Qnm filter. The absorbance levels of duplicate wells 
were averaged. The results were gr^hed as absorbance vs. dilution. The conq>etition 
ELISA wm carried out using the same protocol with the following changes: a single 

25 dilution of patient plasma (or pooled hmnan plasma (PHP)) was used as the source of 
serially diluted antigra was mixed with the plasma and allowed to incubate O/N at 4*^0. 
This plasma was then incubated on duplicate wells. The results are plotted as the 
absorbance vs. the log of the concentration of conq)eting antigen. 

30 For the direct ELISA, wells were coated with either soluble poUen extract (SPE) of 

ryegrass poUen or xLol p V (purified native Lol p V may have a small amount of Lol p I; 
use of reconibinant material assures ttial Ae IgE binding is only to Lol pW) and human 
JglE antibody binding to these antig^ was analyzed. PHP, consisting of an equal volume 
of plasma from 20 patients with a ryegrass prick test score of 3+ or greater (PHP-A), or 

35 PHP consisting of equal aliquots of plasma from 40 grass skin test reactive patients with 
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higfa IgE binding as measuied by diiect ELISA (PHP-B), or plasma £rom individual 
patients were compared in this assay. The results of binding reactivity with PHP-A (Rg. 
6), PHP-B (Rg. 7), four individual patients on ryegrass pollen SPE (Fig. 8), and purified 
tLoI p V (Fig. 9) to either SPE or tLol p V, indicate that there is high IgE binding to both 
5 the pollen extract and the recombinant protein. 

In the con^tition assay* ELISA wells were coated with ryegrass pollen SPE and 
then allergic patirat IgE binding was measured in the presence of coii^)eting ryegrass 
pollen SPE, purified native Lo/ p V, or iLolpY. The source of allergic IglE in this assay 
10 was PHP-A (Hgure 10) or individual patient plasma (Figure 1 1). The competition assays 
confirm that a significant portion of IgE against Lol p SPE is specific for Lol p V. 

B) Histamine Release Analysis 

15 A histamine release assay was performed on one ryegrass allergic individual, using 

Lolp SFEandrLoZ/y V as the added antig^. This assay is a measure of IgE reactivity 
througjh human basophil mediator release, and it is based on the detection of an acylated 
derivative of histamine using a specific monoclonal antibody (Morel, AM. and Delaage, 
M.A.; 1988, J. Allergy Clin. Immunol. 82: 646-654). The reagents for this 

20 radioimmunoassay are sold as a kit by Amac Inc. (Westbrook, ME). Whole heparinized 
blood drawn horn a grass allergic individual and then 200^1 aliquots were mixed with an 
equal amount of the grass antigens SPE and tLoI pW zt various concentrations or the 
diluent, PACM buffer (25mM PIPES, lOOmM NaQ, 5mM KCL, 4mM CaQj, ImM 
MgCl2, 0.003% HSA, pH73) in l.Sml polypropylaae. The release reactions were carried 

25 out at 37^C for 30 minutes. After this incubation, the samples were centrifuged at 1500 
RFM for 3 minutes and the supmiatants removed. For the total histamine release, 0.1ml 
of blood was added to 0.9ml of PACM buffer, vortexed, and then boiled for 3 minutes. 
The samples were spun at 13000 RPM and the supematant removed for analysis. 
Duplicate samples were used to measure total release. All of tiie supematants are diluted 

30 1:4 in acylation buffer and the remaind^ of the assay is performed according to the 
manufacturer's iostructions. The results of this assay, shown in Figure 12, demonstnte 
strong histamine release over a wide concentration range for botii the extract and the 
recombinant protdrL 
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C) Reactivity XoLolpV pq}tides 

IMiectELISA was performed to assess the IgEi^^ In 
this assay ELIS A plates were coated with the set of synthetic Lol p V peptides (as shown 
5 in Fig. 2) and rl^/pV protein. HumanlgEbindingofPHP-B was incubated on the wells 
and the resulting binding analyzed. As evidenced in Fig. 13a and Fig. 13b there is no 
significant binding detected to any of the Lol p V peptides in this preliminary assay 
although there is very high IgE binding to Lol p V protein. 

10 D) La/p I and Lo/pV constitute the niajor allergens of ryegrass pollen 

A separate competition ELIS A was done to show that Lol p I and Lol p V together 
constitute the major IgE binding proteins of ryegrass pollen SPE. In this assay (Bg 14), 
PHP-B was used to examine the ability of a mixture of native purified Lol p I and Lol p V 

15 or a noixture of vLolpl and tLolpW to compete for IgE binding to ryegrass pollen SPE. 
The mixture of purified native proteins competes to background level the IgiE binding to 
ryegrass pollen SPE. The mixture of iLc?//; I and iLa/p Vis also able to substantially 
reduce the amount of Ig^ available to bind to Ae SPE coating the plate. The majority of 
human IgE directed against aD of the ryegrass pollen proteins was bound up by the mix of 

20 just two proteins {Lol p I and Lol p V) found in the complex mix of ryegrass pollen SPE 
proteins. This data inq[>lies diat these two proteins are major allergens of ryegrass poUen. 

25 Expression otLolp V 

Expression of Lol p V was performed as follows. The X.gtn clone 12R was 
digested with EcoRI. The insert encoding Lo/ p V was ligated into pGEX. ApGEX 
vector containing Lol p V (clone 12R) was digested with EcoRl . The Lol p V ins^ 
(containing the nucleotide sequence shown in Fig. 1) was isolated by electrophoresis of 

30 this digest through a 1% SeaPlaque low melt agarose geL The insert was tfien ligated into 
EcoRl digested e^qpression vector pET-1 Id (Novagen, Madison, WI; Jameel et al. (1990) 
/. Virol 64:3963-3966) modified to contain a sequence encodmg 6 histidines (His 6) 
iixunediately 3* of the ATG initiation codon followed by a unique EcdSi I endonuclease 
restriction site. A second £coR I CTdonuclease restriction site in the vector, along with 

35 neighboring Cla I and Hind III endonuclease restriction sites, had previously been 

removed by digestion with EcdSi I and Hind HI, blunting and religation. The histidine 
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(His6) sequence was added for afGnity purification of the lecombinant protein (tLoI p V) 
on a Ni2+ chelating column (Hochuli et al. (1987) /. Chromatog. 411:177-184; Hochuli 
et al. (1988) Bio/Teck 6:1321-1325.). A recombinant clone was used to transform 
Escherichia coti strain BL21-DE3 which haibors a plasmid that has an isopropyl-S-D- 
5 thiogalactopyranoside (IPTG)-inducible promoter preceding Ae grae encoding T7 
polymerase. Induction with IFTG leads to high levels of T7 polymerase expression, 
which is necessary for expression of the recombinant protein in pET-1 Id, which has a T7 
promoter. The pET-1 Id containing the Lol p V (clone 12R) was confirmed by dideoxy 
sequencing (Sangw et aL, (1977) Proc, Natl Acad. ScL, (USA) 74:5460-5463) to be a LoZ 

10 pW clone in the correct reading firame for expression. 

The pET-1 Id Lol p V clone was grown on a large scale for recombinant protein 
expression and purification. A 2 ml culture of bactma containing the leconibinant 
plasmid was grown for 8 hr/then streaked onto solid media (e.g. 6 petri plates (100 x 15 
mm) with 1 J% agarose in LB medium (Gibco*BRL, Gaithersbuig, MD) containing 200 

15 ligfToi ampidllin), grown to confluence ovenii^t» then scnq>ed into 9 L of liquid media 
(Brain Heart Infusion media, Difco) containing ampicillin (200 fig/ml). The culture was 
grown until the A600 was 1.0, IPTG added (1 mM final concentration), and the culture 
grown for an additional 2 hours. 

Bacteria WCTe recov^ed by centrifiigation (7,930 x g, 10 min), and lysed in 90 ml 

20 of 6M Guanidine-Hd, O.IM Na2HP04, pH 8.0 for 1 hour with vigorous shaking. 

Insoluble material was removed by centrifiigation (1 1,000 x g. 10 mm, 4^ C). Hie pH of 
the lysate was adjusted to pH 8.0, and the lysale implied to an 80 ml Nickel NTA agarose 
column (C^iagen, Chatsworth, CA) diat had been equilibrated with 6 M Guanidine HO, 
100 mM Na2HP04, pH 8.0. The column was sequentially washed witih 6 M Guanidine 

25 HO, 100 mM Na2HP04, 10 mM Tiis-HQ, pH 8.0, then 8 M urea, 100 mM Na2HP04, 
pH 8.0, and finafly 8 M urea, 100 mM sodium acetate, 10 naMTris-HCUpH 6.3. Hie 
column was washed with each buffer until the flow through had an A28Q^ 0.05. 

The recombinant protein, tLoI p V, was eluted wifli 8 M urea, 100 mM sodium 
acetate, 10 mM Tris-HQ, pH 4.5, and collected in 10 ml aliquots. The protem 

30 concentration of each firaction was detomined by absori)ance at A280 ai^d the peak 

fractions pooled. An aliquot of the collected recombinant protein was analyzed on SDS- 
PAGE (data not shown) according to the method in Sambrook et al., supra. 

The first 9 liter preparation yielded 12 mg of rLol p V with ^proximately 60-70% 
35 purity. Purity of the preparation was detennined by demitometry (Shiniadzu Hying Spot 
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Scanner, Shimadza Scientific Instruments, Inc., Braintiee, MA) of the coomassie-blue 
stained SDS-PAGE gel. 

Example 5- Cloning and Expression of Doc g V 

5 

Dactylis glomerate poUen was purchased from Gieer Laboratories (Lenoir, NQ. 
RNA was isolated as pieviously described in PCTAJS92/05661 (WO93/01213) and 
poly A+ RNA was isolated using MICRO-FAST TRACK® noRNA isolation kit from 
Invitrogen (San Diego^CA). Double stranded cDNA was made with the BRL cDNA 

10 SYNTHESIS PLUS® kit (Gaitbersburg,MD). A cDNA library was made in XgtlO using 
the cDNA CLONING SYSTEM4GT10®(Ainersham, Arlington Heigjh^^ TheZ). 
glomerata double stranded cDNA was ligated with ad^tor arms, containing Eco RI, Bam 
m, Kpn I and Nco I restriction sites and ligated into Xgt 1 0 vector arms using the 
manufactures suggested protocols. The library was packaged and titled also using the 

IS manuj^ctur^s suggested protocols. The library was plated out and over 100,000 

indq)endent phage plaques were screraed using random primed (RANDOM PRIMED 
DNA LABELING KIT®, Bodbming^ Mamiheim Corporation, bidianopolis, IN) or nick- 
translated probe [Sambrook J et al.. Molecular Qoning: A Laboratory Manual. Cold 
Spring Haibon Cold Spring Harbor Laboratory, 1989]. The library was screened with the 

20 1 .2 kb Lo/ p V clone 1 2R cDNA (SEQ ID NO: 1 ) [Smgh MB et al, Proc Natl Acad Sci 
KSA, 1991;88:1384-1388]. 

There were many positive clones identified in die first screen. Several clones were 
picked using standard techniques [Sambrook J et al. Molecular Qoning: A Laboratory 
Manual. Cold Spring Harbor Cold Spring Harbor Laboratory, 1989] and dilutions of 

25 Mgli-titred phage stocks w^ie-screraed using the same JLo//yV clone 12R probe. Hie 
phage stocks were prepared using standard techniques [Sambrook J et al. Molecular 
Qoning: A Laboratory Manual. Cold Spring Harbor: Cold Spring Harbor Laboratory, 
1989]. Positive clones were again picked, high-titred stocks prepared as before and s^ial 
dilutions were prq>ared for tertiary soeening with the clone 12R probe. Six 

30 phage clones, 228, 23S, 236, 259, 267, and 285, wm positive after this torttary screening 
and higjii titred stocks were prepared as described [Sambrook J et al. Molecular Qoning: A 
Laboratory Manual. Cold Spring Harbon Cold Spring Harbor Laboratory, 1989]. The 
cDNA inserts were isolated fix>m the selected phage using standard techniques [Sambrook 
J et al. Molecular Qoning: A Laboratory Manual. Cold Spring Harbor: Cold Spring 

35 Harbor Laboratory, 1989]. The insert from clone 228 was ^proximately 500 base pairs 
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(bp). The insert fifom clone 235 was approximately 1,000 bp. The insert from clone 236 
was approximately 1200 bp. The insert from clone 259 was approximately 1,200 bp. Tlie 
insert from clone 267 was proximately 1,000 bp. The insert from clone 285 was 
approximately 800 bp. The isolated inserts were cloned into appropriately digested 
5 pUC18 and/or pUC19 for subsequent analysis. The cDNA inserts were sequenced using 
the SEQUENASE® kits (USB, Qeveland, OH) based on the standard dideoxy chain 
termination method of Sanger et al [Sanger F et al. Proc Natl Acad Sci USA, 1977; 74: 
5460-5463]. 

Partial sequraces for all of the clones wcro determined. All were found to contain 
10 Doc g V sequCTces by comparison with LolpW clone 12R sequence (SEQ ID N0:1) [Qng 
EK et al. Gene, 1993; 134: 235-240]. The partial translated sequences of clones 235 and 
236 w&ce very similar to each odier, although they started at different sites in the sequence 
(not shown), and appear to represent one isoform of Doc g V. The partial translated 
sequence of done 259 was differmt from that of clones 235 and 236 and ^pear to 
15 represent a second isofcnm of Doc g V. The partial translated sequence of clone 259 is 
most homologous to the sequence of LolpV clone 12R (SEQ ID NO:2) [Qng EK et al. 
Gene 1993; 134: 235-240]. The partial translated sequmces of clones 235 and 236 are 
most closely homologous to the sequrace of Lol p V clone 19R [Qng EK et aL Gene 1993; 
134: 235-240]. 

20 Qone 259 was sequenced in its entirety. It was sequmced from both ends using 

standard forward and reverse primers (New England Biolabs, Beverly, MA). 
Subconstnicts were prq>ared by digestion of isolated insert with Eco RI and Pst I and the 
fragments w^e cloned into appropriately digested pUC18 for internal sequracing. The 
Eco Bl/Pst I insert Aat corresponded to the 5 ' portion of the Doc g V gene was isolated 

25 and furtha: digested with Stu lorSau 3A mdXho I and ligated into £^)propriately digested 
pUC19 for further sequmce analysis. The nucleotide (SEQ ID NO:57) and deduced 
amino add (SEQ ID NO:58) sequence of clone 259 is shown in Figure 16. Nucleotides 1- 
25 correspond to ad^tor sequence. The sequence ends witii the poly A tract; the adaptor 
sequrace is not shown at the 3* end of the sequence. The nucleotide sequmce from 700 to 

30 1 181 is only preliminary and some bases may be misidentified. For exaiiq>le, nucleotide 
712 has been tratatively idratified as a "C". However, tiiis is the third position of the 
codon encoding Glyl96 and the presence of anoth^ nucleotide at residue 712 would not 
change the predicted amino acid. Jt is difficult to sequence the Group V grass allergens 
due to their high GC contmt 

35 Qone 236 and 259 have been deposited with the ATCC. 
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As Group V allergens tend to have vciy conserved regions, the major T cell 
epitope containing peptides of Lol /? V as described herein, aie likely to be the major T cell 
epitopes of Doc g V, particularly whoe the regions are highly conserved between the 
related grasses. 
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SEQUENCE LISTING 



(1) GE37ERAL INF0RM21TIQN: 



(i) APPLICANT: Griffith, Irwin J. 

Kuo, Mei -Chang 
Lnqrqan, Mohammad 

10 (ii) TITLE OF INVENTIC3N: T CELL EPITOPES OP RYEGRASS POLLEN 

ALLERGEN 

(iii) NUMBER OF SEQUENCES: 58 

15 (iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: IMMULOGIC PHARMACEUTICAL CORPORATION 

(B) STREET: 610 Lincoln Street 

(C) CITY: Waltham 

(D) STATE: Massachusetts 
20 (E) COUNTRY: USA 

(F) ZIP: 02154 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

25 (B) COMPUTER: IBM PC CDiUpatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: ASCII Text 

(vi) CURRENT APPLICATION DATA: 
30 (A) APPLICATION NUMBER: US 08/106,016 

(B) FILING DATE: 13-AUG-1993 

(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 
35 (A) NAME: Darlene A. Vans tone 

(B) REGISTRATION NUMBER: 35,729 

(C) REFERENCE/DOCKET NUMBER: 075,1 PCT 

(ix) TELECOMMUNICATION INFORMATION: 
40 (A) TELEPHONE: (617) 466-6000 

(B) TELEFAX: (617) 466-6040 



45 



(2) INFORMATION FOR SEQ ID NO:l: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1229 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEENESS: single 
50 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cENA 



55 (ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 40.. 942 



60 (ix) FEATURE: 

(A) NAME/KEY: inat_peptide 

(B) LOCATION: 115 940 
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10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 
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(xi) SEQUKNCE DESCRIPTION: SEQ ID NO:l: 

CGCTATCCCT CCCTCGTACA AACAAACGCA AGAGCAGCA ATG GCC GTC GAG AAG 
54 

Met Ala Val Gin Lys 
-25 



102 

Tyr Thr Val Ala Leu Phe Leu Ala Val 
-20 -15 

GCC TCC TAG GCC GCT GAC GCC GGC TAG 
150 

Ala Ser Tyr Ala Ala Asp Ala Gly Tyr 
1 5 

CCG GCT ACT CCT GCT GCC ACC CCG GCT 
198 

Pro Ala Thr Pro Ala Ala Thr Pro Ala 
15 20 

ACC GAC GAG CAG AAG CTG CTG GAG GAC 
246 

Thr Asp Glu Gin Lys Leu Leu Glu Asp 
30 35 

GCC GTG GCC GCC GCT GCC AAC GCC CCT 
294 

Ala Val Ala Ala Ala Ala Asn Ala Pro 
45 50 

TTC GAG GCC GCC TTC TCC GAG TCC TCC 
342 

Phe Glu Ala Ala Phe Ser Glu Ser Ser 
65 

GCC GCC AAG GCA CCC GGC CTC ATC CCC 
390 

Ala Ala Lys Ala Pro Gly Leu lie Pro 
80 85 

GTC GCC TAC AAG GCC GCC GAG GGC GCC 
438 

Val Ala Tyr Lys Ala Ala Glu Gly Ala 
95 100 

GCC TTC GTC ACT GCC CTC ACC GAA GCG 
486 

Ala Phe Val Thr Ala Leu Thr Glu Ala 
110 115 

CTC GAG GTC CAC GCC GTC AAG CCC GCC 
534 

Leu Glu Val His Ala Val Lys Pro Ala 
125 130 

AAG ATC CCC ACC GGT GAG CTG CAG ATC 
582 

Lys He Pro Thr Gly Glu Leu Gin He 
145 



GCC 


CTC GTG GCG 


GGC 


CCG 


GCC 


Ala 


Leu Val Ala 
-10 


Gly 


Pro 


Ala 
-5 


ACC 


CCC GCA GCC 


GCG 


GCC 


ACC 


Thr 


Pro Ala Ala 


Ala 
10 


Ala 


Thr 




Gpm GGA GGG 

W\i»X vTOJM w\7V7 


AAG 


GCG 


ACG 


A±a 


ala nlvr filv 
AJLa \»xy oxy 

25 


Lys 


aXcI 


TVit- 


GTC 


AAC GCT GGC 


TTC 


AAG 


GCA 


Val 


Asn Ala Gly 
40 


Pne 


Lys 


Ala 




r*f^r^ r*'h.r* nr» 
VjV-Vj VxcVU AAij 


TTC 




aXx« 


Ova 


AXa aSP Uyo 

55 




Lys 


60 




rjnr* PTP CTC 

Vjrv7V« \«xv« 


GCC 


ACC 


TCC 


Lys 
70 


fZT\r T.011 

UXjf xjcu jjcu 


Ala 


Thr 
75 


Ser 


AAG 


CTC GAC ACC 


GCC 


TAC 


GAC 


LVS 


Leu Asp Thr 


Ala 
90 


Tyr 


Asp 


ACC 


CCC GAG GCC 


AAG 


TAC 


GAC 


Thr 


Pro Glu Ala 
105 


Lys 


Tyr 


Asp 


CTC 


GGC GTC ATC 


GCC 


GGC 


GCC 


Leu 


Arg Val lie 
120 


Ala 


Gly 


Ala 


ACC 


GAG GAG GTC 


CCT 


GCT 


GCT 


Thr 


Glu Glu Val 
135 


Pro 


Ala 


Ala 
140 


GTT 


GAC AAG ATC 


GAT 


GCT 


GCC 


Val 
150 


Asp Lys He 


Asp 


Ala 
155 


Ala 
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TTC AAG ATC GCA GCC ACC GCC GCC AAC GCC GCC CCC ACC AAC GAT AAG 
630 

Phe Lys He Ala Ala Thr Ala Ala Asn Ala Ala Pro Thr Asn Asp Lys 
5 160 165 170 

TTC ACC GTC TTC GAG AGT GCC TTC AAC AAG GCC CTC AAT GAG TGC ACG 
678 

Phe Thr Val Phe Glu Ser Ala Phe Asn Lys Ala Leu Asn Glu Cys Thr 
10 175 180 185 

GGC GGC GCC TAT GAG ACC TAC AAG TTC ATC CCC TCC CTC GAG GCC GCG 

726 . , , 

Gly Gly Ala Tyr Glu Thr Tyr Lys Phe He Pro Ser Leu Glu Ala Ala 
15 190 195 200 

GTC AAG CAG GCC TAC GCC GCC ACC GTC GCC GCC GCG CCC GAG GTC AAG 
774 

Val Lys Gin Ala Tyr Ala Ala Thr Val Ala Ala Ala Pro Glu Val Lys 
20 205 210 215 220 

TAC GCC GTC TTT GAG GCC GCG CTG ACC AAG GCC ATC ACC GCC ATG ACC 
822 

Tyr Ala Val Phe Glu Ala Ala Leu Thr Lys Ala He Thr Ala Met Thr 
25 225 230 235 

CAG GCA CAG AAG GCC GGC AAA CCC GCT GCC GCC GCT GCC ACA GGC GCC 
870 

Gin Ala Gin Lys Ala Gly Lys Pro Ala Ala Ala Ala Ala Thr Gly Ala 
30 240 245 250 

GCA ACC GTT GCC ACC GGC GCC GCA ACC GCC GCC GCC GGT GCT GCC ACC 
918 

Ala Thr Val Ala Thr Gly Ala Ala Thr Ala Ala Ala Gly Ala Ala Thr 
35 255 260 265 

GCC GCT GCT GGT GGC TAC AAA GCC TGATCAGCTT GCTAATATAC TACTQAACGT 
972 

Ala Ala Ala Gly Gly Tyr Lys Ala 
40 270 275 

ATGTATGTGC ATGATCCGGG CGGCGAGTGG TTTTGTTGAT AATTAATCTT CGTTTTCGTT 
1032 

45 TCATGCAGCC GCGATCGAGA GGGCTTGCAT GCTTGTAATA ATTCAATATT TTTCATTTCT 
1092 

TTTTGAATCT GTAAATCCCC ATGACAAGTA GTGGGATCAA GTCGGCATGT ATCACCGTTG 
1152 

ATGCGAGTTT AACGATGGGG AGTTTATCAA AGAATTTATT ATTAAAAAAA AAAAAAAAAA 
1212 



50 



AAAAAAAAAA AAAAAAA 
55 1229 



(2) INFORMATION FOR SEQ ID NO:2: 

60 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 301 amino acids 

(B) T^K: amino acid 
(D) TOPOLOGY: linear 
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(ii) MOLECUliE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

5 Met Ala Val Gin Lys Tyr Thr Val Ala Leu Phe Leu Ala Val Ala Leu 
-25 -20 -15 -10 



10 



25 



40 



55 



Val Ala Gly Pro Ala Ala Ser Tyr Ala Ala Asp Ala Gly Tyr Thr Pro 
-5 1.5 

Ala Ala Ala Ala Thr Pro Ala Thr Pro Ala Ala Thr Pro Ala Ala Ala 
10 15 20 



Gly Gly Lys Ala Thr Thr Asp Glu Gin Lys Leu Leu Glu Asp Val Asn 
15 25 30 35 

Ala Gly Phe Lys Ala Ala Val Ala Ala Ala Ala Asn Ala Pro Pro Ala 
40 45 50 55 

20 Asp Lys Phe Lys He Phe Glu Ala Ala Phe Ser Glu Ser Ser Lys Gly 

60 65 70 



Leu Leu Ala Thr Ser Ala Ala Lys Ala Pro Gly Leu He Pro Lys Leu 
75 80 85 

Asp Thr Ala Tyr Asp Val Ala Tyr Lys Ala Ala Glu Gly Ala Thr Pro 
90 95 100 



Glu Ala Lys Tyr Asp Ala Phe Val Thr Ala Leu Thr Glu Ala Leu Arg 
30 105 110 115 

Val He Ala Gly Ala Leu Glu Val His Ala Val Lys Pro Ala Thr Glu 
120 125 130 135 

35 Glu Val Pro Ala Ala Lys He Pro Thr Gly Glu Leu Gin He Val Asp 

140 145 150 



Lys He Asp Ala Ala Phe Lys He Ala Ala Thr Ala Ala Asn Ala Ala 
155 160 165 

Pro Thr Asn Asp Lys Phe Thr Val Phe Glu Ser Ala Phe Asn Lys Ala 
170 175 180 



Leu Asn Glu Cys Hhr Gly Gly Ala Tyr Glu Thr Tyr Lys Phe He Pro 
45 185 190 195 

Ser Leu Glu Ala Ala Val Lys Gin Ala Tyr Ala Ala Thr Val Ala Ala 
200 205 210 215 

50 Ala Pro Glu Val Lys Tyr Ala Val Phe Glu Ala Ala Leu Thr Lys Ala 

220 225 230 



He Thr Ala Met Thr Gin Ala Gin Lys Ala Gly Lys Pro Ala Ala Ala 
235 240 245 

Ala Ala Thr Gly Ala Ala Thr Val Ala Thr Gly Ala Ala Thr Ala Ala 
250 255 260 



Ala Gly Ala Ala Thr Ala Ala Ala Gly Gly Tyr Lys Ala 
60 2 65 270 275 
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(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 
5 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: p^tide 

10 (v) FRAOIENT TYPE: internal 



15 



30 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Ala Asp Ala Gly Tyr Thr Pro Ala Ala Ala Ala Thr Pro Ala Thr Pro 
1 5 10 15 . 



Ala Ala Thr Pro 
20 20 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 
25 (A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: peptide 
(v) FRAGMENT TYPE: internal 



35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Ala Thr Pro Ala Thr Pro Ala Ala Thr Pro Ala Ala Ala Gly Gly Lys 
1 5 10 15 

40 Ala Thr Thr Asp 

20 

(2) INFORMATION FOR SEQ ID NO: 5: 

45 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

50 (ii) MOLECULE TYPE: p^tide 

(v) FRAGMENT TYPE: internal 



55 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Ala Ala Ala 6ly Gly Lys Ala ^Thr Hir Asp Glu Gin Lys Leu Leu Glu 
15 10 15 

Asp Val Asn Ala 
20 

(2) INF0R2IATI0N FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAOffiNT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Glu Gin Lys Xjeu Leu Glu Asp Val Asn Ala Gly Phe Lys Ala Ala Val 
25 1 5 10 15 

Ala Ala Ala Ala 
20 

30 (2) mFORMATION FOR SEQ ID N0:7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
35 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 

40 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

45 Gly Phe Lys Ala Ala Val Ala Ala Ala Ala Asn Ala Pro Pro Ala Asp 

15 10 15 



Lys Phe Lys lie 
20 

(2) IKFORMATIQN FOR SEQ ID N0:8: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 
55 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

60 (v) FRAGMENT TYPE: internal 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Asn Ala Pro Pro Ala Asp Lys Phe Lys lie Phe Glu Ala Ala Phe Ser 
15 10 15 

Glu Ser Ser Lys 
20 

(2) INFORMATION FOR SEQ ID N0:9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) IiENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOIiECUIiE TYPE: peptide 

(v) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Phe Glu Ala Ala Phe Ser Glu Ser Ser Lys Gly Leu Leu Ala Thr Ser 
25 1 5 10 15 

Ala Ala Lys Ala 
20 

30 (2) INFORMATION FOR SEQ ID NO: 10: 

(i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
35 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 

40 

(xi) SEQXJENCE DESCRIPTION: SEQ ID NO: 10: 

45 Gly Leu Leu Ala Thr Ser Ala Ala Lys Ala Pro Gly Leu lie Pro Lys 

15 10 15 



50 



Leu Asp Thr Ala 
20 
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10 



35 



40 



45 



50 



55 



(2) INF0RM21TI0N FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 axtiino acids 

(B) TYPE: amino acid 
(D) TOPOUX^: linear 



(ii) MOLECULE TYPE: peptide 
(v) FRAGMENT TYPE: internal 



15 (xi> SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

Pro Gly Leu lie Pro Lys Leu Asp Thr Ala Tyr Asp Val Ala Tyr Lys 
15 10 15 

20 Ala Ala Glu Gly 

20 

(2) INFORMATION FOR SEQ ID NO: 12: 

25 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

30 (ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

Tyr Asp Val Ala Tyr Lys Ala Ala Glu Gly Ala Thr Pro Glu Ala Lys 
1 5 10 . 15 

Tyr Asp Ala Phe 
20 

(2) INFORMATION FOR SEQ ID N0:13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Ala rPhr Pro Glu Ala Lys Tyr Asp Ala Phe Val Thr Ala Leu Thr Glu 
15 10 15 

Ala Leu Arg Val 
20 

(2) INFORKATIQN FOR SEQ ID NO:14: 

(i) SEQtmarcE characteristics: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 



(xi> SEQUENCE DESCRIPTION: SEQ ID NO: 14: 



Val Thr Ala Leu Thr Glu Ala Leu Arg Val lie Ala Gly Ala Leu Glu 
25 1 5 10 15 

Val His Ala Val 
20 

30 (2) INFORMATION FOR SEQ ID NO:15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
35 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRACaiENT TYPE: internal 

40 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

45 lie Ala Gly Ala Leu Glu Val His Ala Val Lys Pro Ala Thr Glu Glu 

15 10 15 



Val Pro Ala Ala 
20 

(2) INFORMATION FOR SEQ ID N0:16: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 
55 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

60 (v) FRAGMENT TYPE: internal 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

Lys Pro Ala Tlir Glu Glu Val Pro Ala Ala Lys lie Pro Thr Gly Glu 
15 10 15 

Leu Gin lie Val 
20 

(2) INFORMATION FOR SEQ ID NO:17: 

(i) SEQtJENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 



Lys lie Pro Thr Gly Glu Leu Gin lie Val Asp Lys lie Asp Ala Ala 
25 1 5 10 15 

Phe Lys lie Ala 
20 

30 (2) IKFORMATiaN FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
35 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 

40 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

45 Asp Lys lie Asp Ala Ala Phe Lys lie Ala Ala Thr Ala Ala Asn Ala 

15 10 15 



Ala Pro Thr Asn 
20 

(2) INFORMATION FOR SEQ ID NO: 19: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 
55 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

60 (v) FRAGMENT TYPE: intertial 



wo 95/06728 



PCTAJS94/09024 



10 



15 



20 



-60- 



(xi) SEQUENCE DESCKIPTION: SEQ ID NO: 19: 

Ala 'Thr Ala Ala Asn Ala Ala Pro Hir Asn Asp Lys Phe Thr Val Phe 
15 10 15 

Glu Ser Ala Phe 
20 

(2) INFORMATION FOR SEQ ID NO:20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOlkXSY: linecur 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

Asp Lys Phe Tbx Val Phe Glu Ser Ala Phe Asn Lys Ala Leu Asn Glu 
25 1 5 10 15 

Cys Thr Gly Gly 
20 

30 (2) INFORMATION FOR SEQ ID NO:21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
35 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 

40 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:21: 

45 Asn Lys Ala Leu Asn Glu Cys Thr Gly Gly Ala Tyr Glu Thr Tyr Lys 

15 10 15 



50 



Phe lie Pro Ser 
20 



55 (2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
60 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 

5 

Ala Tyr Glu Thr Tyr Lys Phe lie Pro Ser Leu Glu Ala Ala Val Lys 
15 10 15 

Gin Ala Tyx* Ala 
10 20 

(2) INFORMATION FOR SEQ ID NO:23: . 

(i) SEQUENCE CHARACTERISTICS: 
15 (A) XiENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



20 



45 



50 



55 



60 



(ii) MOLECULE TYPE: peptide 
(v) FRAGMENT TYPE: internal 



25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:23: 

Leu Glu Ala Ala Val Lys Gin Ala Tyx Ala Ala Thr Val Ala Ala Ala 
1 5 . 10 15 

30 Pro Glu Val Lys 

20 

(2) INFORMATION FOR SEQ ID NO:24: 

35 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

40 (ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24: 

Ala Thr Val Ala Ala Ala Pro Glu Val Lys Tyr Ala Val Phe Glu Ala 
15 10 . 15 

Ala Leu Thr Lys 
20 

(2) INFORMATION FOR SEQ ID NO:25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 

Tyr Ala Val Phe Glu Ala Ala Leu Thr Lys Ala lie Tiir Ala Met Thr 
15 10 15 

Gin Ala Gin Lys 
20 

(2) INFOHMATION FOR SEQ ID NO:26: 



(i) SEQOENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 
15 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

20 (v) FRAGMENT TYPE: internal 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 

Ala lie Thr Ala Met Thr Gin Ala Gin Lys Ala Gly Lys Pro Ala Ala 
1.5 10 15 



Ala Ala Ala Hir 
30 2 0 

(2) INFORMATION FOR SEQ ID NO:27: 

(i) SEQUENCE CHARACTERISTICS: 
35 (A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: peptide 
(v) FRAOIENT TYPE: internal 



45 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 

Ala Gly Lys Pro Ala Ala Ala Ala Ala Thr Gly Ala Ala Thr Val Ala 
1 5 10. 15 

50 Thr Gly Ala Ala 

20 

(2) INFORMATION FOR SEQ ID NO:28: 

55 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

60 (ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:28: 

Gly Ala Ala Olur Val Ala Hir Gly Ala Ala Thr Ala Ala /aa Gly Ala 
5 1 5 10 15 

Ala Thr Ala Ala 
20 

10 (2) INFORMATION FOR SEQ ID NO:29: 

(i) SEQDENCE CHARACTERISTICS: 

(A) liENGTH: 16 amino acids 

(B) TYPE: amino acid 
15 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 

20 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29: 

25 Thr Ala Ala Ala Gly Ala Ala Thr Ala Ala Ala Gly Gly Tyr Lys Ala 

15 10 15 



30 



35 



40 



(2) INFORMATION FOR SEQ ID NO: 30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: 



lie Ala Lys Val Pro Pro Gly Pro Asn He Thr Ala Glu Tyr Gly Asp 
45 1 5 10 15 

Lys Trp Leu Asp 
20 

50 (2) INFORMATION FOR SEQ ID N0:31: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
55 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 

60 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31: 

lie Ala Lys Val Xaa Pro Gly Xaa Asn lie Thr Ala Glu Tyx Gly Asp 
15 10 15 

Lys Trp Leu Asp 
20 

(2) INFORMATION FOR SEQ ID NO: 32: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32: 

Thr Ala Glu Tyr Gly Asp Lys Trp Leu Asp Ala Lys Ser Thr Trp Tyr 
15 10 15 

Gly Lys Pro Thr 
20 

(2) XNFORHATIQN FOR SEQ ID NO:33: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:33: 

Gly Ala Gly Pro Lys Asp Asn Gly Gly Ala Cys Gly Tyr Lys Asn Val 
15 10 15 

Asp Lys Ala Pro 
20 

(2) INFORMATION FOR SEQ ID NO:34: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34: 

Gly Ala Gly Pro Lys Asp Asn Gly Gly Ala Cys Gly Tyr Lys Asp Val 
15 10 15 

Asp Lys Ala Pro 
20 

(2) INFORMATION FOR SEQ ID NO: 35: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 35: 



Cys Gly Tyr Lys Asp Val Asp Lys Ala Pro Phe Asn Gly Met Thr Gly 
25 1 5 10 15 

Cys Gly Asn Thr 
20 

30 (2) INFORMATION FOR SEQ ID NO:36: 

(i) SEQUENCE CHARACTERISTICS: 

tA) LENGTH: 20 amino acids 
(B) TYPE: amino acid 
35 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAOIENT TYPE: internal 

40 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 36: 

45 Phe Asn Gly Met Thr Gly Cys Gly Asn Thr Pro lie Phe Lys Asp Gly 

15 10 15 



Arg Gly Cys Gly 
20 

(2) INFORMATION FOR SEQ ID NO:37i 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 
55 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

60 (v) FRAGMENT TYPE: internal 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37: 

Pro lie Phe Lys Asp Gly Arg Gly Cys Gly Ser Cys Phe Glu lie Lys 
15 10 15 

Cys Thr Lys Pro 
20 

(2) INFOR2I&TIQN FOR SEQ ID NO:38: 

(i) SEQUaJCE CHARACTEEIISTICS : 

(A) IiENGTH.: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) HOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 38: 



Ser Cys Phe Glu lie Lys Cys Thr Lys Pro Glu Ser Cys Ser Gly Glu 
25 1 5 10 15 

Ala Val Thr Val 
20 

30 (2) INFORMATION FOR SEQ ID NO:39: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
35 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: p^tide 

(v) FRAGMENT TYPE: internal 

40 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 39: 

45 Glu Ser Cys Ser Gly Glu Ala Val Thr Val Thr lie Thr Asp Asp Asn 

15 10 15 



Glu Glu Pro lie 
20 

(2) INFORMATION FOR SEQ ID NO:40: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 
55 (B) TYPE: amino acid 

(D) TOPOLOGY: linesir 

(ii) MOLECULE TYPE: peptide 

60 (v) FRAGMENT TYPE: internal 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 40: 

^Ilir lie Thr Asp Asp Asn Glu Glu Pro lie Ala Pro Tyr His Phe Asp 
15 10 15 

X.eu Ser Gly His 
20 

(2) INFORMATION FOR SEQ ID NO: 41: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOIXXSY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 



(xi) SEQUQICE DESCRIPTION: SEQ ID NO: 41: 

Ala Pro Tyr His Phe Asp Leu Ser Gly His Ala Phe Gly Ser Met Ala 
25 1 5 10 15 

Asp Asp Gly Glu 
20 

30 (2) INFORMATION FOR SEQ ID NO:42: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENCTH: 20 amino acids 

(B) TYPE: amino acid 
35 (D) TOPOLOGY: linear 

(ii) 1K)LECULE TYPE: peptide 

(v) FRAO!ENT TYPE: intemeJ. 

40 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 42: 

45 Ala Phe Gly Ser Met Ala Asp Asp Gly Glu Glu Gin Lys Leu Arg Ser 

15 10 15 



Ala Gly Glu Leu 
20 

(2) INFORMATION FOR SEQ ID N0:43: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 
55 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

60 (v) FRAOIENT TYPE: internal 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 43: 

Glu Gin Lys Leu Arg Ser Ala Gly Glu Leu Glu Leu Gin Phe Arg Arg 
15 10 15 

Val Lys Cys Lys 
20 

(2) INFOBMATION FOR SEQ ID N0:44: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 44: 



Glu Leu Gin Phe Arg Arg Val Lys Cys Lys Tyr Pro Asp Asp Thr Lys 
25 1 5 10 15 

Pro Thr Phe His 
20 

30 (2) INFORMATION FOR SEQ ID N0:45: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
35 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 

40 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 45: 

45 Tyr Pro Asp Asp Thr Lys Pro Thr Phe His Val Glu Lys Ala Ser Asn 

15 10 15 



Pro Asn Tyr Leu 
20 

(2) INFORMATION FOR SEQ ID NO:46: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 
55 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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15 



20 



25 



(v) FRAOflENT TYPE: internal 



(xi) SEQXJEMCE DESCRIPTION: SEQ ID NO: 46: 

Val Glu Lys Ala Ser Asn Pro Asn Tyr lieu Ala lie Leu Val Lys Tyr 
15 10 15 

Val Asp Gly Asp 
20 

(2) INFORMATION FOR SEQ ID NO:47: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 47: 

Val Glu Lys Gly Ser Asn Pro Asn Tyr Leu Ala He Leu Val Lys Tyr 
30 1 5 10 15 

Val Asp Gly Asp 
20 

35 (2) INFORMATION FOR SEQ ID NO: 48: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENCTH: 20 amino acids 

(B) TYPE: amino acid 
40 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 

45 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 48: 

50 Ala He Leu Val Lys Tyr Val Asp Gly Asp Gly Asp Val Val Ala Val 

15 10 15 



55 



Asp He Lys Glu 
20 
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(2) INPOBHSATim FOR SEQ ID NO:49: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 
5 (B) TYPE: amino acid 

{D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

10 (v) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 49: 

Gly Asp Val Val Ala Val Asp lie Lys Glu Lys Gly Lys Asp Lys Trp 
1.5 10 15 



lie Glu Leu Lys 
20 20 

(2) INFORMATION FOR SEQ ID NO:50: 

(i) SEQUENCE CHARACTERISTICS: 
25 (A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: peptide 
(v) FRAGMENT TYPE: internal 



35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 50: 

Lys Gly Lys Asp Lys Trp lie Glu Leu Lys Glu Ser Trp Gly Ala Val 
1 5 10 15 

40 Trp Arg lie Asp 

20 

(2) INFORMATION FOR SEQ ID NO: 51: 

45 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

50 (ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 



55 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 51: 

Thr Pro Asp Lys Leu Thr Gly Pro Phe Thr Val Arg Tyr Thr Thr Glu 
15 10 15 

Gly Gly Thr Lys 
20 

(2) INFORMATION FOR SEQ ID NO: 52: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: x>eptide 

(v) FRAGMENT TYPE: internal 



(xi} SEQUENCE DESCRIPTION: SEQ ID NO: 52: 



Val Arg Tyr Hir Thr Glu Gly Gly Thr Lys Ser Glu Val Glu Asp Val 
25 1 5 10 15 

lie Pro Glu Gly 
20 

30 (2) INFORMATION FOR SEQ ID NO:53: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
35 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 

40 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 53: 

45 Ser Glu Val Glu Asp Val lie Pro Glu Gly Trp Lys Ala Asp Thr Ser 

15 10 15 



Tyr Ser Ala Lys 
20 

(2) INFORMATION FOR SEQ ID NO:54: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 amino acids 
55 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

60 (V) FRA<a4ENT TYPE: N- terminal 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 54: 

Ala Asp Ala Gly Tyr Thr Hyp Ala Ala Ala Ala rChr Hyp Ala Thr Hyp 
1 5 10 15 

Ala Ala Tlhr Hyp Ala Ala Ala Gly Gly Lys Ala 'thr rehx Asp Glu Gin 
20 25 30 

Lys 

(2) INFORMATION FOR SEQ ID NO: 55: 



(i) SEQUENCE CHARACTERISTICS: 
15 (A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: peptide 
(v) FRAGMENT TYPE: internal 



25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 55: 

Ala Lys Ser Thr Trp Tyr Gly Lys Pro Thr Gly Ala Gly Pro Lys Asp 
15 10 15 

30 Asn Gly Gly Ala 

20 

(2) INFORMATION FOR SEQ ID NO: 56: 

35 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

40 (ii) JKDLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 



45 

(xi) SEQX7ENCE DESCRIPTION: SEQ ID NO: 56: 

Glu Ser Trp Gly Ala Val Trp Arg lie Asp Thr Pro Asp Lys Leu Thr 
15 10 15 

50 

Gly Pro Phe Thr 
20 



55 (2) INFORMATION FOR SEQ ID NO: 57: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1181 base pairs 

(B) TYPE: nucleic acid 
60 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 



IVO 95/06728 



PCmJS94/09024 



-73- 



(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 53.. 124 

5 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 125.. 961 

10 (xi) SEQUENCE DESCRIPTION: SBQ ID NO: 57: 

GAATTCGAGG ATCCGGGTAC CATGGCTCCG ACAAACCAAC GCAAGAGCAG CA ATG 
55 



15 



Met 

GCA GTG CAG CAG TAC ACG GTG GCG CTG TTC CTG GCC GTG GCC TCG TGT 
103 

Ala Val Gin Gin Tyr Thr Val Ala Leu Phe Leu Ala Val Ala Ser Cvs 
20 -20 -15 -10 

CGG GCC CGC GCC TCC TAC GCC GCC GAC GCC GGC TAC GCC CCC GCC ACT 

Arg Ala Arg Ala Ser Tyr Ala Ala Asp Ala Gly Tyr Ala Pro Ala Thr 
25 -5 1 5 

CCC GCC ACC CCG GCT ACC CCC GCG GCC CCA GGC GCA GCG GTG CCA GCA 
199 

Pro Ala Thr Pro Ala Thr Pro Ala Ala Pro Gly Ala Ala Val Pro Ala 
30 10 15 20 25 

GGG AAG GCG GCG ACC GAG GAG CAG AA6 CTG ATC GAG AAG ATC AAC GCC 
247 

Gly Lys Ala Ala Thr Glu Glu Gin Lys Leu He Glu Lys He Asn Ala 
35 30 35 40 

GGC TTC AAG GCC GCC CTG GCG GCC GCC GCG GGC GTC CCG CCA GGC GAC 
295 

Gly Phe Lys Ala Ala Val Ala Ala Ala Ala Gly Val Pro Pro Gly Asp 
40 4 5 50 55 

AAG TAC AAG ACG TTC GTC GAA ACC TTC GGC AAG GCC TCC AAC AAG GCC 
343 

Lys Tyr Lys Thr Phe Val Glu Thr Phe Gly Lys Ala Ser Asn Lys Ala 
45 60 65 70 

TTC CTG GGG GAC CTC CCG ACC AAC TAC GCC GAT GTC AAC TCC AGG GCC 
391 

Phe Leu Gly Asp Leu Pro Thr Asn Tyr Ala Asp Val Asn Ser Arg Ala 
50 7 5 80 85 

CAG CTC ACC TCG AAG CTC GAC GCC GCC TAC AAG CTC GCC TAC GAC GCC 
439 

Gin Leu Thr Ser Lys Leu Asp Ala Ala Tyr Lys Leu Ala Tyr Asp Ala 
55 90 95 100 105 

GCC CAG GGC GCC ACC CCC GAG GCC AAG TAC GAC GCC TAC GTC GCC ACC 
487 

Ala Gin Gly Ala Thr Pro Glu Ala Lys Tyr Asp Ala Tyr Val Ala Thr 
60 110 115 120 
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CTC AGC GAG GCG CTC CGC ATC ATC 6CC GGC ACC CTC GAG GTC CAC GCC 
535 

Leu Ser Glu Ala Leu Arg lie lie Ala Gly Thr Leu Glu Val His AJa 
125 130 135 

GTC AAG CCC GCT GCC GAG GAG GTC AA6 CCT ATC CCC GCC GGA GAG CTG 
583 

Val Lys Pro Ala Ala Glu Glu Val Lys Pro lie Pro Ala Gly Glu Leu 
140 145 150 

CAG ATC GTC GAC AAG ATT GAC GTC GCC TTC AGA ACT GCC GCC ACC GCC 
631 

Gin lie Val Asp Lys lie Asp Val Ala Phe Arg Thr Ala Ala Thr Ala 
155 160 165 

GCC AAC GCC GCC CCC ACC AAC GAC AAG TTC ACC GTA TTC GAG ACC ACC 
679 

Ala Asn Ala Ala Pro Thr Asn Asp Lys Phe Thr Val Phe Glu Thr Thr 
170 175 180 185 

TTT AAC AAG GCC ATC AAG GAG AGC ACG GGC GGC ACC TAC GAG AGC TAC 
727 

Phe Asn Lys Ala lie Lys Glu Ser Thr Gly Gly Thr Tyr Glu Ser Tyr 
190 195 200 

AAG TTC ATT CCC ACC CTT GAG GCC GCC GTT AAG CAG GCC TAC GCC GCC 
775 

Lys Phe He Pro Thr Leu Glu Ala Ala Val Lys Gin Ala Tyr Ala Ala 
205 210 215 

ACC GTC GCA TCC GCG CCG GAG GTC AAG TAC GCC GTC TTT GAG ACC GCG 
823 

Thr Val Ala Ser Ala Pro Glu Val Lys Tyr Ala Val Phe Glu Thr Ala 
220 225 230 

CTG AAA AAG GCG GTC ACC GCC ATG TCC GAG GCC CAG AAG 6AA GCC AAG 
871 

Leu Lys Lys Ala Val Thr Ala Met Ser Glu Ala Gin Lys Glu Ala Lys 
235 240 245 

CCC GCC ACC GCC ACC CCG ACC CCC ACC GCA ACT GCC GCG GCC GCG GTG 
919 

Pro Ala Thr Ala Thr Pro Thr Pro Thr Ala Thr Ala Ala Ala Ala Val 
250 255 260 265 

GCC ACC AAC GCC GCC CCC GTC GCT GCT GGT GGC TAC AAA ATC 
961 

Ala Thr Asn Ala Ala Pro Val Ala Ala Gly Gly Tyr Lys He 
270 275 

TGATCAACTC GCTAGCAATA TACACATCCA TCATGCACAT ATAGAGCTGT GTATGTATGT 
1021 



GCATGCATGC CGTGGCGCCG CGCAAGTTTG CTCATAATTA ATTCTTGGTT TTCGTTGCTT 
55 1081 

GCATCCACGA GCGACCGAGC CCGTGGATAG TCGCATGTGT ATGTAATTTT TTCTGAGAAA 
1141 

60 TGTGTATATG TAATATATAA TTGAGTACTA AAAAAAAAAA 
1181 
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(2) INFORMATION FOR SEQ ID NO 58: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 279 amino acids 
5 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

10 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Ala Asp Ala Gly Tyr Ala Pro Ala Thr Pro Ala Thr Pro Ala Thr Pro 
1 5 10 15 

15 Ala Ala Pro Gly Ala Ala Val Pro Ala Gly Lys Ala Ala Thr Glu Glu 
20 25 30 

Gin Lys Leu He Glu Lys He Asn Ala Gly Phe Lys Ala Ala Val Ala 
35 40 45 

20 

Ala Ala Ala Gly Val Pro Pro Gly Asp Lys Tyr Lys Thr Phe Val Glu 
50 55 60 

Thr Phe Gly Lys Ala Ser Asn Lys Ala Phe Leu Gly Asp Leu Pro Thr 
25 65 70 75 80 

Asn Tyr Ala Asp Val Asn Ser Arg Ala Gin Leu Thr Ser Lys Leu Asp 
85 90 95 

30 Ala Ala Tyr Lys Leu Ala Tyr Asp Ala Ala Gin Gly Ala Thr Pro Glu 
100 105 110 

Ala Lys Tyr Asp Ala Tyr Val Ala Thr Leu Ser Glu Ala Leu Arg He 
3^ 115 120 125 

He Ala Gly Thr Leu Glu Val His Ala Val Lys Pro Ala Ala Glu Glu 
130 135 140 

Y^l lie Val Asp Lys He Asp 

40 145 150 155 160 

Val Ala Phe Arg Thr Ala Ala Thr Ala Ala Asn Ala Ala Pro Thr Asn 
165 170 175 

45 Asp Lys Phe Thr Val Phe Glu Thr Thr Phe Asn Lys Ala He Lys Glu 
180 185 190 

Ser Thr Gly Gly Thr Tyr Glu Ser Tyr Lys Phe He Pro Thr Leu Glu 
195 200 205 

Ala Ala Val Lys Gin Ala Tyr Ala Ala Thr Val Ala Ser Ala Pro Glu 
210 215 220 

Val Lys Tyr Ala Val Phe Glu Thr Ala Leu Lys Lys Ala Val Thr Ala 
55 225 230 235 240 

Met Ser Glu Ala Gin Lys Glu Ala Lys Pro Ala Thr Ala Thr Pro Thr 
245 250 255 

60 Pro Thr Ala Thr Ala Ala Ala Ala Val Ala Thr Asn Ala Ala Pro Val 
260 265 270 

Ala Ala Gly Gly Tyr Lys He 
275 
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Claiins 

What is claimed is: 

1 • An isolated peptide of Lol p V wherein said peptide comprises at least one T cell 
epitope of Lol p V, said peptide comprising an amino acid sequence selected fiom the 
group consisting of amino add sequences as shown in Fig. 2 of peptides LPIX-1 (SEQ ID 
N0:3), LPIX-1.1 (SEQ ID NO:3). LPIX-2 (SEQ ID NO:4), LPIX-2.1 (SEQ ID NO: 4), 
LPIX-3 (SEQ ID NO:5), LPIX-4 (SEQ ID NO:6) LPIX-5 (SEQ ID NO:7). LPIX-6 (SEQ 
ID N0:8). LPIX.7 (SEQ ID NO:9), LPIX-S (SEQ ID NO:10), LPIX-9 (SEQ ID N0:11), 
LPK-IO (SEQ ID N0:12X LPK-l 1 (SEQ ID N0:13), LPIX-12 (SEQ ID N0:14), LPK- 
13 (SEQ ID NO:15), LPIX-U (SEQ ID NO:16), LPIX-15 (SEQ ID NO:17), LPIX-16 
(SEQ ID NO:18), LPK-l? (SEQ ID NO:19), LPK-18 (SEQ ID NO:20), LPIX-19 (SEQ 
ID NO:21), LPIX-20 (SEQ ID NO:22). LPIX-21 (SEQ ID NO:23), LPIX-22 (SEQ ID 
NO:24). LPIX-23 (SEQ ID NO:25), LPIX-24 (SEQ ID NO:26), LPIX-26 (SEQ ID 
NO:28), and LPIX-27 (SEQ ID NO:29). 

2. An isolated peptide of claim 1, said peptide comprising an amino add sequence 
selected from the group consisting of the amino add sequences as shown in Hg. 2 of 
peptides LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID N0:7), LPK-6 (SEQ ID NO:8). 
LPIX-8 (SEQ ID NO:10), LPIX-9 (SEQ ID NO:ll), LPK-11 (SEQ ID NO:13), LPK-12 
(SEQ ID NO:14), LPK-16 (SEQ ID NO:18), LPK-17 (SEQ ID NO:19), LPK-20 (SEQ 
ID NO:22), LPIX-23 (SEQ ID NO:25), and LPIX-26 (SEQ ID NO:28). 

3. A peptide conq)rising a portion of an isolated peptide of claim 1 which has a T cell 
stimulation index of at least 2.0. 

4. A peptide comprising a portion of an isolated peptide of claim 1 which has a T cell 
stimulation index approximately equivalent to or greater than flie T cell stimulation index 
of said isolated peptide from which it is doived. 



5. An isolated peptide of claim 1 which, when administered to an individual 
sensitive to Lol pV allergen, induces T cells to become nonresponsive or modifies 
the lymphokine secretion profile of T cells in the individual. 
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6. An isolated peptide of claim 2 which binds immunoglobiilin E to a 
substantially less^ extent than native Lol p V binds immiinoglobulin E. 

7. An isolated nucleic add sequence having a sequence encoding a pq>tide of 
5 claim 1. 

8. A functional equivalent of a nucleic acid sequence encoding a peptide of 
claim 1. 

10 9. An isolated peptide wUch is inununologicaUycross-ieactivewidiT cells 
reactive with a peptide of claim 2. 

10. An isolated p^tide of Lol p V wh^in said peptide has a T cell stimulation 
index of at least about 3.5. 

15 

11. An isolated peptide of claim 10 wherein said T cell stimulation index is at 
least about 5. 

12. A peptide of claim 1 modified to improve solubility. 

20 

13. A peptide of claim 2 modified to improve solubility. 

14. A modified peptide of claim 13 whidi does not bind immunoglobulin E 
spedfic for Lol p Vin a substantial p^x:entage of individuals sensitive to Lolp V, or 

25 if binding of tte peptide to said immunoglobulin E occurs, such binding does not 
result in release of mediators fix>m mast cells or basophils in a substantial percentage 
of individuals sensitive to Lol p V. 

15. A modified peptide of claim 12 which modifies* in an individual sensitive to 
30 LolpW to whom it is administered, the allergic response of the individual to aLolp 

V alleigen. 



16. A monoclonal antibody specifically reactive with a peptide of claim 1 . 
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17. An isolated peptide produced in a host cell transformed with the nucleic add 
of claim 7. 

18. An isolated peptide produced in a host cell transformed with the nucleic add 
of claim 8. 

19. An expression vector comprising a nucldc add sequmce coding for a peptide 
of claim 1. 

20. An expression vector comprising the functional equivalent of a nucleic add 
sequence coding for a peptide of claim 1. 

21 . A composition conqiiising at least one isolated peptide of claim 1 and a 
pharmaceutically acceptable earner or diluent 

22. A composition of claim 21 comprising a combination of peptides selected 
firom the group of conobinations consisting of: 

LPIX-4 (SEQ ID NO:6). LPIX-5 (SEQ ID N0:7), LPIX-6 (SEQ ID NO:8), LPK-16 (SEQ 

ID NO:18), LPIX-17 (SEQ ID NO:19), and LPIX-20 (SEQ ID NO:22); 

LPIX-4 (SEQ ID NO:6), LPK-5 (SEQ ID NO:7), LPK-6 (SEQ ID NO:8), LPK-12 (SEQ 

ID N0:14), LPIX-16 (SEQ ID N0:18), LPIX-17 (SEQ ID NO:19), and LPIX-20 (SEQ ID 

NO:22); 

LPIX-4 (SEQ ID N0:6). LPIX-5 (SEQ ID N0:7), LPlX-6 (SEQ ID N0:8). LPIX-17 (SEQ 
ID NO: 19), and LPK-20 (SEQ ID NO:22); 

LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID N0:7), LPIX-6 (SEQ ID NO:8). and LPIX-20 
(SEQIDNO:22); 

LPDC-4 (SEQ ID N0:6), LPK-5 (SEQ ID N0:7), LPIX-6 (SEQ ID NO:8), LPK-ll (SEQ 
ID NO: 13), LPIX-12 (SEQ ID NO:14), LPIX-16 (SEQ ID N6:18), LPIX-17 (SEQ ID 
Nai9), and LPIX-20 (SEQ ID NO:22); 

LPIX-4 (SEQ ID N0:6), LPK-5 (SEQ ID N0:7), LPIX-6 (SEQ ID N0:8), LPK-8 (SEQ 
ID NO: 10), LPIX-9 (SEQ ID NO: 1 1), LPK-l 1 (SEQ ID NO: 13), LPIX-12 (SEQ ID 
N0:14), LPIX-16 (SEQ ID N0:18), LPIX-17 (SEQ ID N0:19), LPIX-19 (SEQ ID NO: 
21), LPK-20 (SEQ ID NO:22), LPK-23 (SEQ ID NO:25 ), and LPK-26 (SEQ ID 
NO:28); 
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LPIX-4 (SEQ ID N0:6), LPK-l 1 (SEQ ID NO: 13), LPK-I6 (SEQ ID NO:18), and 
LPIX-20 (SEQ ID NO:22); 

LPK-4 (SEQ ID N0:6), LPK-l 1 (SEQ ID NO: 13), LPK-17 (SEQ ID N0:19), and 
LPIX-20 (SEQ ID N0:22); 
5 LPK-4 (SEQ ID N0:6), LPK-16 (SEQ ID N0:18), LPK-17 (SEQ ID N0:19). and 
LPK-20 (SEQ ID NO:22); 

LPK-5 (SEQ ID N0:7), LPK-11 (SEQ ID NO: 13), LPK-16 (SEQ ID N0:18), and 
LPK-20 (SEQ ID NO:22); 

LPK-5 (SEQ ID N0:7), LPK-l 1 (SEQ ID NO: 13), LPK-17 (SEQ ID N0:19), and 
10 LPK-20 (SEQ ID NO:22); 

LPK-5 (SEQ ID N0:7), LPK-16 (SEQ ID N0:18), LPK-17 (SEQ ID N0:19), and 
LPK-20 (SEQ ID NO:22); 

LPK-l 1 (SEQ ID NO: 13), LPK-16 (SEQ ID NO: 18), LPK-17 (SEQ ID N0:19), and 

LPK-20 (SEQ ID NO:22); 
15 LPK-4 (SEQ ID NO:6), LPK-l 1 (SEQ ID NO: 13), and LPK-20 (SEQ ID NO:22); 

LPK-4 (SEQ ID NO:6), LPK-16 (SEQ ID NO:18), and LPK-20 (SEQ ID NO:22); 

LPK-4 (SEQ ID NO:6), LPK-17 (SEQ ID NO:19), and LPK-20 (SEQ ID NO:22); 

LPK-5 (SEQ ID NO:7), LPK-l 1 (SEQ ID NO: 13), and LPK-20 (SEQ ID NO:22); 

LPK-5 (SEQ ID NO:7), LPK-16 (SEQ ID N0:18), and LPK-20 (SEQ ID NO:22); 
20 LPK-l 1 (SEQ ID NO: 13), LPK-16 (SEQ ID NO:18), and LPK-20 (SEQ ID NO:22); 

LPK-l 1 (SEQ ID NO: 13), LPK-17 (SEQ ID N0:19), and LPK-20 (SEQ ID NO:22); 

LPK-16 (SEQ ID NO: 18), LPK-17 (SEQ ID NO:19), and LPK-20 (SEQ ID NO:22); 

LPK-5 (SEQ ID NO:7), LPK-17 (SEQ ID NO:19), and LPK-20 (SEQ ID NO:22); 

LPK-4 (SEQ ID NO:6), LPK-20 (SEQ ID NO:22); 
25 LPK-5 (SEQ ID NO:7), and LPK-20 (SEQ ID NO:22); 

LPK-6 (SEQ ID N0:8), and LPK-20 (SEQ ID NO:22); 

LPK-l 1 (SEQ ID NO: 13), and LPK-20 (SEQ ID NO:22); 

LPK-12 (SEQ ID NO:14), and LPK-20 (SEQ ID NO:22); 

LPK-16 (SEQ ID NO: 18), and LPK-20 (SEQ ID NO:22); and 
30 LPK-17 (SEQ ID NO:19), andLPK-20 (SEQ ID NO:22). 



23. A composition conqpiising at least one isolated peptide of claim 1 3 and a 
phatmaceuticaUy accq)table cairier or diluent 
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24. A method of detecting sensitivity to Lol p V in an indi^ddual, in vitro^ 
comprising combining a blood sample obtained from the individual with at least one 
peptide of claim 1, under conditions appropriate for binding of blood conq)onents 
with the peptide, and determining the extent to which such binding occurs as 
indicative of sensitivity in Ae individual to lyegrass pollen. 

25. A method of claim 24 wherein the extent to which binding occurs is 
determined by assessing B cell function, T cell function, T cell proliferation or a 
combination of T cell proliferation and B cell function. 

26. A composition comprising a pharmaceutically acceptable carrier or diluent 
and at least two peptides of claim 1 wherein said composition comprises a sufGdent 
percentage of the T cell qiitopes of the Lol p V protein alleigen such that upon 
administration of the conqiosition to an individual sensitive to Lol p V, T cells of the 
individual become nonresponsive to said Lol p V protein alleigen. 

27. A peptide of claim 4 modified to improve solubility. 

28. A composition con^nising at least one isolated peptide of claim 27. 

29. A conqx^ition comprising a phannaceutically acceptable carrier or diluent 
and at least two peptides, each peptide comprising at least one T cell epitope, wherein 
at least one peptide comprises an amino acid sequence or portion thereof derived 
fiomlio/pV which is selected from the group consisting of: UPIX-l (SEQID 
NO:3), LPK-l.l (SEQ ID NO:3), LPIX-2 (SEQ ID NO:4), LPIX-2.1 (SEQ ID NO: 
4), LPIX-3 (SEQ ID NO:5), LPK^ (SEQ ID NO:6) LPIX-5 (SEQ ID NO:7), LPIX-6 
(SEQ ID NO:8), LPIX.7 (SEQ ID NO:9), LPIX-S (SEQ ID NO:10), LPIX-9 (SEQ ID 
NO:ll), LPK-IO (SEQ ID N0:12), LPK-ll (SEQ ID NO:13), LPIX-12 (SEQ ID 
N0:14), LPK-13 (SEQ ID N0:15), LPIX-14 (SEQ ID NO:16), LPIX-15 (SEQ ID 
NO:17), LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19), LPIX-18 (SEQ ID 
NO:20), LPK-19 (SEQ ID N0:2I), LPIX-20 (SEQ ID NO:22), LPK-21 (SEQ ID 
NO:23), LPK-22 (SEQ ID NO:24), LPIX-23 (SEQ ID NO:25). LPIX-24 (SEQ ID 
NO:26), LPIX-26 (SEQ ID NO:28), and LPIX-27 (SEQ ID NO:29) (as shown in Fig. 
2), and wherein at least one peptide comprises an amino acid sequence or portion 
thereof derived from Lol pi which is selected from the group consistiag of: LPI-1 
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(SEQ ID NO:30), LPI-1.1 (SEQ ID NO:31), LPI-2 (SEQ ID NO:32), LPI-3 (SEQ ID 
NO:55), LPI-4 (SEQ ID NO:33), LPI-4.1 (SEQ. ID NO:34), LPI-5 (SEQ ID NO:35). 
LPI-6 (SEQ ID NO:36), LPI-7 (SEQ ID NO:37), LPI-8 (SEQ ID NO:38), LPI-9 
(SEQ ID NO:39), LPI-10 (SEQ ID NO:40), LPI-1 1 (SEQ ID N0:41), LPI-12 (SEQ 
5 ID NO:42), LPI-13 (SEQ ID NO:43), LPI-14 (SEQ ID NO:44), LPI-15 (SEQ ID 
NO:45), LPI-16 (SEQ ID NO:46), LPI-16.1(SEQ ID NO:47), LPI-17 (SEQ ID 
NO:48), LPI-18 (SEQ ID NO:49). LPI-19 (SEQ ID NO:50), LPI-20 (SEQ ID 
NO:56). LPI-21 (SEQ ID NO:51), LPI-22 (SEQ ID NO:52), and LPI-23 (SEQ ID 
NO:53) (as shown in Fig. 3). 

10 

30. A composition of daim 29 comprising a combination of peptides selected fiom the 
group of combinations coinsisting of: 



LPI-16.1, (SEQ ID NO:47). LFI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
15 (SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34). LPI-10 (SEQ ID 
NO:40). LPI-1 1 (SEQ ID NO:41), LPI-15 (SEQ ID NO:45), LPI-22 (SEQ ID NO:52), 
LPIX-4 (SEQ ID Na6). LPIX-5 (SEQ ID NO:7), LPK-6 (SEQ ID NO:8), LPIX-8 (SEQ 
ID NO:10), LPK-9 (SEQ ID NO:ll), LPK-11 (SEQ ID NO:13), LPIX-12 (SEQ ID 
NO:14), LPK-16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19), LPIX-19 (SEQ ID 
20 NO:21), LPIX-20 (SEQ ID NO:22), LPIX-23 (SEQ ID NO:25), LPK-26 (SEQ ID 
NO:28); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55). LPI-4.1 (SEQ ID NO:34), LPI-10 (SEQ ID 

25 NO:40), LPI-1 1 (SEQ ID NO:41), LPI-15 (SEQ ID NO:45). LPI-22 (SEQ ID NO:52), 
LPIX-4 (SEQ ID N0:6), LPIX-5 (SEQ ID NO:7). LPK-6 (SEQ ID NO:8), LPIX-8 (SEQ 
ID NO:10), LPK-9 (SEQ ID NO:ll), LPK-11 (SEQ ID NO:13),LPK-12 (SEQ ID 
N0:14). LPK-16 (SEQ ID NO:18). LPK-17 (SEQ ID NO:19), LPK-19 (SEQ ID 
NO:21), LPK-20 (SEQ ID NO:22). LPK-23 (SEQ ID NO:25), LPK-26 (SEQ ID 

30 NO:28); LPK-4 (SEQ ID N0:6), LPK-5 (SEQ ID NO:7), LPK-6 (SEQ ID N0:8). 

LPK-9 (SEQ ID N0:1I). LPK-11 (SEQ ID N0:13). LPK-12 (SEQ ID NO:14). LPK-16 
(SEQ ID NO:18), LPK-17 (SEQ ID N0:19), LPK-19 (SEQ lb N0:21), LPK-20 (SEQ 
IDNO:22); 

35 LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49). LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-10 (SEQ ID 
NO:40), LPI-ll (SEQ ID NO:41), LPI-15 (SEQ ID NO:45), LPI-22 (SEQ ID NO:52). 
LPK-4 (SEQ ID N0:6), LPK-5 (SEQ ID N0:7). LPK-6 (SEQ E5 NO:8). LPK-9 (SEQ 
ID N0:1 1), LPK-12 (SEQ ID N0:14), LPK-16 (SEQ ID N0:18), LPK-17 (SEQ ID 

40 NO:19), LPK-19 (SEQ ID NO:21), LPK-20 (SEQ ID NO:22), LPK-23 (SEQ ID 
NO:25); 
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LPI-16.1 (SEQ ID NO:47). LPI-18 (SEQ K> NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55). LPI-4.1 (SEQ ID NO:34), LPI-10 (SEQ ID 
NO:40), LPI-11 (SEQ ID N0:41), LPI-15 (SEQ ID NO:45), LPI-22 (SEQ ID NO:52), 
LPK-4 (SEQ ID N0:6). LPDC-5 (SEQ ID N0:7), LPDC-6 (SEQ ID N0:8), LPK-12 (SEQ 
5 ID NO:14), LPDC-16 (SEQ ID N0:18). LPK-17 (SEQ ID NO:19), LPIX-19 (SEQ ID 
NO;21), LPK-20 (SEQ ID NO:22); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-10 (SEQ ID 
10 Na40), LPI-1 1 (SEQ ID N0:41), LPI-15 (SEQ ID NO:45), LPI-22 (SEQ ID NO:52), 

LPIX-4 (SEQ ID N0:6), LPK-S (SEQ ID NO:7). LPIX-6 (SEQ ID N0:8), LPIX-16 (SEQ 
ID N0:18), LPIX-17 (SEQ ID N0:19), LPIX-19 (SEQ ID NO:21). LPIX-20 (SEQ ID 
NO:22); 

15 LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55). LPI-4.1 (SEQ ID NO:34). LPI-10 (SEQ ID 
NO:40), LPI-11 (SEQ ID NO:41). LPI-15 (SEQ. ID NO:45), LPI-22 (SEQ ID NO:52); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
20 (SEQ ID NO:53), LPI.3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-10 (SEQ ID 
NO:40), LPI-11 (SEQ ID N0:41), LPI-15 (SEQ ID NO:45), LPIX-4 (SEQ ID N0:6), 
LPK-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPK-8 (SEQ ID NO:10), LPK-9 (SEQ 
ID N0:11), LPK-l 1 (SEQ ID N0:13), LPIX-12 (SEQ ID NO:14), LPK-16 (SEQ ID 
NO:18), LPK-17 (SEQ ID N0:19), LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ ID 
25 NO:22), LPIX-23 (SEQ ID NO:25), LPIX-26 (SEQ ID NO:28); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49). LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55). LPM.l (SEQ ID NO:34), LPI-10 (SEQ ID 
NO:40), LH-l 1 (SEQ ID N0:41), LPI-15 (SEQ ID NO:45), LPIX-4 (SEQ ID N0:6), 
30 LPK-5 (SEQ ID NO:7), LPK-6 (SEQ ID NO:8), LPK-9 (SEQ ID N0:11), LPK-11 
(SEQ ID N0:13), LPK-12 (SEQ ID NO:14), LPK-16 (SEQ ID NO:18), LPK-17 (SEQ 
ID N0:19), LPK-19 (SEQ ID NO:21), LPK-20 (SEQ ID NO:22); 

LPI-16.1 (SEQ ID NO:47), LPI.18 (SEQ E) NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
35 (SEQ ID NO:53), LPI-3 (SEQ ID NO:55). LPI-4.1 (SEQ ID NO:34), LPI-10 (SEQ ID 
NO:40), LPI-l 1 (SEQ ID N0:41), LPI-15 (SEQ ID NO:45), LPK-4 (SEQ ID N0:6), 
LPK-5 (SEQ ID NO:7), LPK-6 (SEQ ID NO:8), LPK-9 (SEQ ID N0:11), LPK-12 
(SEQ ID NO:14), LPK-16 (SEQ ID N0:18), LPK-17 (SEQ ID N0:19), LPK-19 (SEQ 
ID N0:21), LPK-20 (SEQ ID NO:22), LPK-23 (SEQ ID NO:25); 

40 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-10 (SEQ ID 
NO:40), LH-1 1 (SEQ ID N0:41), LPI-15 (SEQ ID NO:45), LPK-4 (SEQ ID N0:6), 
LPK-5 (SEQ ID N0:7), LPK-6 (SEQ ID NO:8), LPK-12 (SEQ ID N0:14), LPK-16 
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(SEQ ID N0:18), LPIX-17 (SEQ ID N0:19), LPIX-19 (SEQ ID N0:21), LPIX-20 (SEQ 
IDNO:22); 

LPI-16.1 (SEQ ID NO:47), LPM8 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
5 (SEQ1DNO:53),LPI-3(SEQIDNO:55),LPI-4.1(SEQIDNO:34),LPI-10(SEQID 
N0:40), LPI-11 (SEQ ID N0:41), LPI-15 (SEQ ID NO:45), LPK-4 (SEQ ID N0:6), 
LPIX-5 (SEQ ID NO:7), LPK-6 (SEQ ID N0:8), LPDC-16 (SEQ ID NO:18), LPIX-17 
(SEQ ID N0:19), LPK-19 (SEQ ID NO:21), LPDC-20 (SEQ ID NO:22); 

10 LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34). LPI-IO (SEQ ID 
NO:40). LPI-11 (SEQ ID NO:41), LH-15 (SEQ ID NO:45), LPK-4 (SEQ ID NO:6). 
LPK-5 (SEQ ID NO:7), LPK-6 (SEQ ID NO:8), LPK-16 (SEQ ID N0:18), LPK-17 
(SEQ ID NO:19), LPK-20 (SEQ ID NO:22); 

15 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPK-4 (SEQ ID 
NO:6), LPK-5 (SEQ ID NO:7), LPK-6 (SEQ ID NO:8), LPK-8 (SEQ ID NO:10), LPI- 
11 (SEQ ID NO:41), LPK-11 (SEQ ID NO:13), LPK-12 (SEQ ID NO:14). LPK-16 
20 (SEQ ID N0:18). LPK-17 (SEQ ID N0;19), LPK-19 (SEQ ID N0:21). LPK-20 (SEQ 
IDNO:22); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPK-4 (SEQ ID 
25 N0:6), LPK-5 (SEQ ID NO:7), LPK-6 (SEQ ID NO:8), LPK-9 (SEQ ID NO:ll). 

LPK-1 1 (SEQ ID NO:13), LPK-12 (SEQ ID NO:14), LPK-16 (SEQ ID NO:18). LPK- 
17 (SEQ ID N0:19). LPK-19 (SEQ ID NO:21), LPK-20 (SEQ ID NO:22); 
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LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55). LPI-4.1 (SEQ ID NO:34), LPK-4 (SEQ ID 
NO:6), LPDC-5 (SEQ ID N0:7), LPK-6 (SEQ ID N0:8), LPIX-9 (SEQ ID N0:11), 
LPIX-12 (SEQ ID NO:14), LPIX-16 (SEQ ID N0:18), LPIX-17 (SEQ ID N0:19). LPDC- 
5 19 (SEQ ID NO:21), LPIX-20 (SEQ ID NO:22), LPIX-23 (SEQ ID NO:25); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPIX-4 (SEQ ID 
N0:6), LPIX-5 (SEQ ID N0:7), LPIX-6 (SEQ ID N0:8), LPIX-12 (SEQ ID NO:14), 
10 LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19), LPIX-19 (SEQ ID NO:21), LPIX- 
20 (SEQ ID NO:22); 

LPI-16.1 (SEQ ID NO:47), LM-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55). LPI-4.1 (SEQ ID NO:34), LPK-4 (SEQ ID 
15 NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-16 (SEQ ID NO:18), 
LPIX-17 (SEQ ID NO: 19), LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ ID NO:22); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56). LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPIX-4 (SEQ ID 
20 NO:6). LPK-5 (SEQ ID NO:7), LPIX-6 (SEQ ID N0:8), LPIX-16 (SEQ ID N0:18). 
LPDC-n (SEQ ID NO:19), LPIX-20 (SEQ ID NO:22); 

LPI-16.1 (SEQ ID NO:47), LH-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-22 (SEQ ID 
25 NO:52), LPIX-* (SEQ ID NO:6). LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), 

LPIX-8 (SEQ ID NO:10), LPIX-9 (SEQ ID NO:ll), LPK-ll (SEQ ID NO:13), LPIX-12 
(SEQ ID NO:14), LPIX-16 (SEQ ID NO:18), LPDC-17 (SEQ ID NO:19), LPIX-19 (SEQ 
ID NO:21), LPIX-20 (SEQ ID NO:22). LPIX-23 (SEQ ID NO:25), LPK-26 (SEQ ID 
NO:28); 

30 

LPI-16.1 (SEQ ED NO:47), LPI-18 (SEQ ED NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53). LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-22 (SEQ ID 
NO:52), LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8). 
LPIX.9 (SEQ ID N0:1 1), LPK-ll (SEQ ID N0:13). LPK-12 (SEQ ID N0:14), LPK-16 
35 (SEQ ID NO:18), LPK-17 (SEQ ID NO:19), LPK-19 (SEQ ID NO:21), LPK-20 (SEQ 
IDNO:22); 
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LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-22 (SEQ ID 
NO:52), LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8). 
LPIX-9 (SEQ ID N0:11), LPIX-12 (SEQ ID N0:14), LPIX-16 (SEQ ID N0:18). LPIX-17 
5 (SEQ ID NO:19), LPDC-19 (SEQ ID N0:21), LPIX-20 (SEQ ID NO:22). LPK-23 (SEQ 
IDNO:25); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-22 (SEQ ID 
10 NO:52), LPK-4 (SEQ ID NO:6), LPK-5 (SEQ ID NO:7), LPK-6 (SEQ ID NO:8), 

LPIX-12 (SEQ ID NO:14), LPDC-16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19). LPK- 
19 (SEQ ID N0:21), LPIX-20 (SEQ ID NO:22); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
15 (SEQ ID NO:53), LPI-3 (SEQ ID NO:55X LPI-4.1 (SEQ ID NO:34), LPI-22 (SEQ ID 
NO:52), LPIX-4 (SEQ ID N0:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), 
LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19), LPIX-19 (SEQ ID NO:21). LPK- 
20(SEQIDNO:22); 

20 LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-22 (SEQ ID 
NO:52), LPIX-4 (SEQ ID N0:6), LPIX-5 (SEQ ID NO:7), LPK-6 (SEQ ID N0:8), 
LPK-16 (SEQ ID NO:18), LPK-17 (SEQ ID NO:19). LPIX-20 (SEQ ID NO:22); 

25 LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPlX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID 
NO:8), LPK-8 (SEQ ID NO:10). LPK-9 (SEQ ID NO:ll), LPK-ll (SEQ ID NO: 13), 
LPIX-12 (SEQ ID NO:14), LPIX-16 (SEQ ID NO:18), LPK-17 (SEQ ID NO:19), LPK- 
19 (SEQ ID NO:21), LPK-20 (SEQ ID NO:22), LPK-23 (SEQ ID NO:25), LPK-26 

30 (SEQIDNO:28); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPK-4 (SEQ ID NO:6), LPK-5 (SEQ ID NO:7), LPK-6 (SEQ ID 
N0:8). LPK-9 (SEQ ID NO:ll). LPK-11 (SEQ ID NO:13). LPK-12 (SEQ ID NO:14). 
35 LPK-16 (SEQ ID NO:18), LPK-17 (SEQ ID NO:19), LPK-19 (SEQ ID NO:21). LPK- 
20 (SEQ ID NO:22); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53). LPK-4 (SEQ ID NO:6), LPK-5 (SEQ ID NO:7), LPK-6 (SEQ ID 
40 N0:8), LPK-9 (SEQ ID N0:11), LPK-12 (SEQ ID NO:14), LPK-16 (SEQ ID N0:18), 
LPK-17 (SEQ ID NO:19), LPK-19 (SEQ ID N0:21), LPK-20 (SEQ ID NO:22), LPK- 
23 (SEQ ID NO:25); 



LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
45 (SEQ ID NO:53), LPK-4 (SEQ ID NO:6), LPK-5 (SEQ ID N0:7), LPK-6 (SEQ ID 
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NO:8X LPIX-12 (SEQ ID N0:14), LPIX-16 (SEQ ID N0:18), LPK-17 (SEQ ID NO:19). 
LPIX-19 (SEQ ID N0:21), LPK-20 (SEQ ID NO:22); 

LPI.16 .1 (SEQ ID NO:47), LPM8 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
5 (SEQ ID NO:53), LPIX-4 (SEQ ID NO:6). LPIX-5 (SEQ ID N0:7). LPIX-6 (SEQ ID 
NO:8), LPDC-16 (SEQ D3 N0:18), LPIX-17 (SEQ ID N0:19), LPIX.19 (SEQ ID N0:21), 
LPIX-20 (SEQ ID NO:22); and 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
10 (SEQ ED NO:53), LPIX-4 (SEQ ID Na6), LPIX-5 (SEQ ID N0:7). LPIX-6 (SEQ ID 
NO:8), LPIX-16 (SEQ ID N0:18), LPIX-17 (SEQ ID NO:19), LPK.20 (SEQ ID NO:22), 

31. A composition conqnising at least four, and no more than eight peptides, wha:ein 
at least two, and no more than four peptides are derived from Lol p V and are selected 

15 from the following group of Lol pW peptides: LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID 
NO:7), LPIX-6 (SEQ ID NO:8), LPK-ll (SEQ ID NO: 13). LPIX-12 (SEQ ID NO:14), 
LPIX-16 (SEQ ID NO:18), LPK-17 (SEQ ID NO:19X and LPIX-20 (SEQ ID NO:22X 
and whmin at least two, and no more than four pq)tides are derived fromLoIpl and are 
selected from die following group of Lol pi peptides: LPM6 (SEQ ID NO:46), LPI-18 

20 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56) and LPI-23 (SEQ ID NO:53). 

32. A conq)osition of claim 31 whmin two peptides are derived from Lolp I and three 
pqitides are derived from Lol p V . 

25 33. A coiiq)osition of claim 3 1 wherein three peptides are derived fiY)m Lol p I and 
three peptides are derived from La/ p Y 

34. A conq)osition of claim 31 whmin three peptides are derived from Lol p 1 and 
four peptides are doived from Lol p V. 

30 

35. A composition of claim 3 1 wherein four peptides are derived from Lol p I and four 
pq^tides are derived from LolpV. 

36. A composition of claim 3 1 whodn four peptides are derived from Lol p I and 
35 three peptides are derived fix)mLo//?V. 



wo 95/06728 



PCT/DS94/09024 



-87- 

37. Use of a composition of claims 21, 22, 23, 26, 28. 29, 30, or 31-36 in the 
manofiacdne of a medicammt for use in treating sensitivity to Lol p V allergen or an 
immunologically cross-reactive allergy. 

5 38. An isolated pq>tide of Lol p V, said peptide conqnising at least one T cell epitope 
of Lol p V, said peptide having a positivity index of at least 60 and a mean T cell 
stimulation index of at least about 2.5 d^ennined in a population of individuals sensitive 
toLolpW. 

10 39. An isolated peptide of claim 38 wherein said population of individuals is at least 
15 individuals. 

40. A portion of an isolated peptide of claim 38 wherein said portion has a positivity 
index of at least 60 and a mean T cell stimulation index of at least about 2S detmnined in 

15 a population of individuals sensitive to Lol p V. 

41. An isolated peptide of claim 40 wh^ein said population of individuals is at least 
15 individuals. 

20 42. Allorapoitionof an isolated peptide of said peptide or portion 

thereof conqnising at least one T cell epitope of said protein allergen, said peptide 
having the formula Xj^- wherein Y is an amino acid sequence selected from the 
group consisting of: LPIX-1 (SEQ ID NO:3). LPK-Ll (SEQ ID NO:3), LPIX.2 
(SEQ ID NO:4), LPIX-2.1 (SEQ ID NO: 4), LPK-3 (SEQ ID NO:5), LPIX-4 (SEQ 

25 ID NO:6) LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-7 (SEQ ID N0:9), 
LPIX.8 (SEQ ID NO:10), LPIX-9 (SEQ ID NO:ll), LPK-IO (SEQ ID NO: 12), 
LPDC-l 1 (SEQ ID NO:13). LPIX-12 (SEQ ID NO:14). LPIX-13 (SEQ ID NO:15). 
LPIX-14 (SEQ ID NO:16), LPIX-IS (SEQ ID NO:17). LPIX-16 (SEQ ID NO:18), 
LPIX-17 (SEQ ID NO:19), LPIX-18 (SEQ ID NO:20), LPIX-19 (SEQ ID NO:21), 

30 LPIX-20 (SEQ ID NO:22), LPIX-21 (SEQ ID NO:23), LPIX-22 (SEQ ID NO:24), 
LPIX-23 (SEQ ID NO:25). LPIX-24 (SEQ ID NO:26), LPIX-26 (SEQ ID NO:28), 
and LPIX-27 (SEQ ID NO:29) wherdn Xq are amino add residues contiguous to the 
amino terminus of Y in the amino acid sequence of said protein allergen, wherein 2^ 
are amino add residues contiguous to the caiboxy terminus of Y in the amino acid 

35 sequence of said protein alleigen, wherein n is 0-30 and wherein m is 0-30. 
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43. A poition of an isolated peptide of claim 42 wherein the portion comprises at least 
fifteen amino acid residues. 

44. An isolated nucleic acid having a nucleotide sequence coding for Doc ^ I, or the 
5 functional equivalent of said nucleotide sequence. 

45. An isolated nucleic add sequrace of claim 44 wherein said nucleotide sequence 
comprises the nucleotide sequence of Fig. 16. 

10 46. An expression vectra: conqnising a nucleotide sequence coding for Dac g I, or die 
functional equivalrat of said nucleotide sequence. 

47. A host cell transformed to express a jMDtein encoded by the nucleic acid of claim 
44. 

15 

48. Isolated Dac g I protein produced in a host cell transformed with the nucleic add 
of claim 44. 
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LIZ-1 AIU^GYTXAAAATXATXAATX 
LIZ-1.1 ADAGYTPAAAATPATPAJITP 

LZZ-2 AT3U^!nC2VATX2LAAG6K2lTTD 
LIX-2.1 ATPATPAATPAiUlGGXUVTTD 

LIX-3 AAA66KATTDEQKLLEDVNA 

LIX-4 EQKLLEDVNA6FKAAVAAAA 

LIZ- 5 GFKAAVAAAAlUkPPADKFKI 

LIZ-6 NAPPADKFKIFEAAFSESSK 

LIZ-7 FEAAFSESSKGLLATSAAKA 

LIZ-8 GLLATSAAKAPGLIPKLDTA 

LIX-9 PGLIPKLDTAYDVAYKAAEG 

LIZ- 10 YDVAYKAAEGATPEAKYDAF 

LIZ-11 ATPEAKYDAFVTALTEALRV 

LIZ-12 VTALTEALRVIAGALEVHAV 

LIZ-13 lAGALEVHAVKPATEEVPAA 

LIZ- 14 KPATEEVPAAKIPTGELQIV 

LIZ-15 RIPTGELQIVDKIDAAFKIA 

LIZ-16 DKIDAAFKIAATAANAAPTN 

LIZ- 17 ATAANAAPTNDKFTVFESAF 

LIZ- 18 DKFTVFESAFNIUkLNECTGG 

LIZ-19 NKALHECTCGAYETYKFIPS 

LIZ-20 AYETYKFIPSLEAAVKQAYA 

LIZ-21 LEAAVKQAYAATVAAAPEVK 

LIZ-22 ATVAAAPEVKYAVFEAALTR 

LIZ-23 YAVFEAALTKAITAnTQAQK 

LIZ-24 AITAMTQAQKAGKPAAAAAT 

LIZ- 2 5 AGKPAmUkATGAATVATGAA 

LIZ-26 GAATVATGAATAAAGAATAA 

LIZ-27 TAAAGAATAAAGGYKA 



X REPRESENTS HYDROXYPROUNE RESIDUE 



Fig. 2 
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PEPTIDE NAME PEPHDE SEQUENCE 

LPI-l IAKVPP6PNITAEYGDKWLD 

LPZ-1.1 IAKVXPGXNITAEY6DKWLD 

LPI-2 TAEYGDKWLDAKSTWYGKPT 

LPI-3 AKSTWY6KPTGA6PKDNGGA 

LPI-4 GAGPKDNGGACGYXOTVDKAP 

LPI-4 . 1 GAGPKDNGG2^6YKDVDKAP 

LPI-5 CGYKDVDKAPFNGMTGCGNT 

LPI-6 FNGUTGCGNTPIFIOXSRGCG 

LPI-7 PIFKDGRGC6SCFEIRCTKP 

ZiPI-8 SCFEIKCTKPESCSGE2VVTV 

LPI-9 ESCSGEAVTVTITDDNEEPI 

LPI-10 TITDDEIEEPIAPYHFDLSGH 

LPI-11 APYHFDLSGHAFGSMADDGE 

LPI-11.1 APYHFDLS6HAFGSMAKKGE 

LPI-12 AFGSMADDGEEQKLRSAGEL 

LPI-12 . 1 AFGSNAKKGEEQKLRSAGEL 

LPI-13 EQKLRSAGELELQFRRVKCK 

IiPX-14 ELQFRRVKCKYPDDTKPTFH 

LPI-15 yPDDTKPTFHVEKASNPNYL 

LPI-16 VEKASHPNYLAILVKYVDGD 

LPX-16.1 VEKGSNPNYIAILVKYVDGD 
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